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ABSTRACT
PART I
A p r o d u c t  s t u d y  a nd  a  s t e r e o c h e m i c a l  i n v e s t i g a t i o n  o f  t h e  r e a c t i o n  
o f  4 - n i t r o b e n z h y d r y l  h y d r o g e n  p h t h a l a t e  w i t h  t h i o n y l  c h l o r i d e  a r e  
r e p o r t e d .  The o n l y  i s o l a b l e  r e a c t i o n  p r o d u c t s  a r e  p h t h a l i c  a n h y d r i d e  
a nd  4 - n i t r o b e n z h y d r y l  c h l o r i d e  an d  t h e  r e a c t i o n  a p p e a r s  t o  p r o c e e d  
s t e r e o s p e c i f i c a l l y  w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n .  An i n t r a m o l e c u l a r  
mechanism s i m i l a r  t o  t h e  S ^ i  mechanism f o r  t h e  r e a c t i o n  o f  a s e c o n d a r y  
a l c o h o l  w i t h  t h i o n y l  c h l o r i d e  i n  a n  i n e r t  s o l v e n t  i s  p o s t u l a t e d .
The r e s u l t s  o f  t h e  p r o d u c t  s t u d y  o f  t h e  r e a c t i o n  o f  t h e  h y d r o g e n  
p h t h a l a t e  e s t e r s  o f  b e n z h y d r o l ,  4 - m e t h y l b e n z h y d r o l  an d  4 - m e th o x y b e n z -  
h y d r o l  w i t h  t h i o n y l  c h l o r i d e  a r e  p r e s e n t e d .  P h t h a l i c  a n h y d r i d e ,  t h e  
r e s p e c t i v e  b e n z h y d r y l  c h l o r i d e  a n d  p h t h a l i c  a c i d  a r e  t h e  o n l y  i s o l a b l e  
p r o d u c t s  o f  each  r e a c t i o n .  The f o r m a t i o n  o f  t h e  l a t t e r  compound i s  
s u g g e s t i v e  o f  t h e  o p e r a t i o n  o f  a  d i f f e r e n t  mechanism f o r  t h e s e  e s t e r  
r e a c t i o n s .
The  p o t e n t i a l  s y n t h e t i c  u t i l i t y  o f  t h i s  r e a c t i o n  i s  d i s c u s s e d  
i n  v i e w  o f  t h e  4 - n i t r o b e n z h y d r y l  h y d r o g e n  p h t h a l a t e - t h i o n y l  c h l o r i d e  
r e a c t i o n .
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PART I I
K i n e t i c  an d  p r o d u c t  d i s t r i b u t i o n  s t u d i e s  were c a r r i e d  o u t  on t h e  
p y r o l y s i s  o f  t h e  c i s -  and  t r a n s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  m e th y l  
p h t h a l a t e  e s t e r s  i n  N ,N -d im e th y l fo rm a m id e  and  t h e  r e s u l t s  a r e  r e p o r t e d .
The c i s -  an d  t r a n s - l - p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e s  
p y r o l y z e  86 and  118 t i m e s  f a s t e r ,  r e s p e c t i v e l y ,  t h a n  t h e i r  c o r r e s p o n d i n g  
m e t h y l  p h t h a l a t e  e s t e r s .  T he se  d a t a  a r e  s u g g e s t i v e  o f  o r t h o - c a r b o x y l  
p r o t o n  p a r t i c i p a t i o n  d u r i n g  t h e  d e c o m p o s i t i o n  o f  t h e  h y d r o g e n  p h t h a l a t e  
e s t e r s .  The p r o d u c t  d i s t r i b u t i o n s  f o r  t h e  m e th y l  p h t h a l a t e  d i e s t e r  
p y r o l y s e s  a r e  s i m i l a r  an d  d i s p l a y  a  s t r o n g  p redom inanc e  o f  Hofmann 
o l e f i n ,  l - p h e n y l - 6 - m e t h y l c y c l o h e x e n e ,  w h ich  may be e x p l a i n e d  by  a c i s  
( e c l i p s i n g )  e f f e c t .
An i s o t o p e  s t u d y  and  a s t e r e o c h e m i c a l  i n v e s t i g a t i o n  were  c o n d u c te d
on t h e  p y r o l y s i s  o f  c i s -  and  t r a n s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  
18p h t h a l a t e -  0 i n  N ,N -d im e th y l fo r m a m id e .  The r e s u l t s  a r e  i n  a g re e m e n t  
w i t h  t h o s e  e x p e c t e d  f o r  t h e  i n v o l v e m e n t  o f  r e v e r s i b l y  formed i n t i m a t e  
a nd  s o l v e n t - s e p a r a t e d  i o n  p a i r s  d u r i n g  t h e  d e c o m p o s i t i o n  o f  t h e s e  e s t e r s .  
The p r o p o s e d  i n t i m a t e  i o n  p a i r  f o r  t h e  c i s - e s t e r  d e c o m p o s i t i o n  would 
a p p e a r  t o  be l o o s e r  a n d / o r  more i o n i c  t h a n  t h e  c o r r e s p o n d i n g  i n t e r m e d i a t e  
f o r  t h e  t r a n s - e s t e r  p y r o l y s i s .
The k i n e t i c ,  p r o d u c t  d i s t r i b u t i o n ,  i s o t o p e  exchange  an d  g e o m e t r i c a l  
i s o m e r i z a t i o n  d a t a  f o r  t h e  p y r o l y s i s  o f  t h e  c i s - an d  t r a n s - 1 - p h e n y l - 2 -  
m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  e s t e r s  i n  N ,N -d im e th y l fo r m a m id e  a r e  
d i s c u s s e d  i n  v iew o f  t h e  f o l l o w i n g  g e n e r a l  scheme p r o p o s e d  f o r  e s t e r  
p y r o l y s i s .
i v
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P y r o l y s i s  o f  t h e  c i s - h y d ro g e n  p h t h a l a t e  e s s e n t i a l l y  v i a  p a t h  A,  
i n v o l v i n g  r a t e - d e t e r m i n i n g  f o r m a t i o n  o f  a n  i n t i m a t e  i o n  p a i r  and  p r o d u c t  
f o r m a t i o n  from a s o l v e n t - s e p a r a t e d  i o n  p a i r ,  i s  c o n s i s t e n t  w i t h  t h e  
e x p e r i m e n t a l  d a t a .  D e c o m p o s i t i o n  a l s o  may o c c u r  by p a t h  B b u t  t h e  
amount  o f  i n v o lv e m e n t  o f  t h i s  r e a c t i o n  r o u t e  would  seem t o  be s m a l l .
The rm a l  d e c o m p o s i t i o n  o f  t h e  t r a n s -h y d ro g e n  p h t h a l a t e  p r i m a r i l y  
v i a  p a t h  A i s  i n  a g re e m e n t  w i t h  t h e  e x p e r i m e n t a l  r e s u l t s .  The r a t e -  
d e t e r m i n i n g  s t e p  seems t o  be s o l v e n t - s e p a r a t e d  i o n  p a i r  f o r m a t i o n .
T h i s  i o n i c  i n t e r m e d i a t e  a p p e a r s  t o  be t h e  s p e c i e s  f rom which  p r o d u c t s  a r e  
d e r i v e d  and  i t  seems t o  be s i m i l a r  i n  c h a r a c t e r  t o  t h e  s o l v e n t - s e p a r a t e d  
i o n  p a i r  i n v o l v e d  i n  t h e  c i s - e s t e r  p y r o l y s i s .  D e c o m p o s i t i o n  o f  t h e  
t r a n s - e s t e r  may p r o c e e d  a l s o  v i a  p a t h  C. b u t  t h e  e x t e n t  t o  which t h i s  
pa thway i s  f o l l o w e d  i s  p r o b a b l y  s m a l l .
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PART I
THE REACTION OF SOME BENZHYDRYL HYDROGEN PHTHALATE ESTERS
WITH THIONYL CHLORIDE 
CHAPTER I  
INTRODUCTION
V a r i o u s  p r o c e d u r e s  f o r  t h e  f o r m a t i o n  o f  o p t i c a l l y  a c t i v e  s e c o n ­
d a r y  a l k y l  c h l o r i d e s  have  b e e n  dev ised ] -  R e s o l v i n g  a g e n t s  have  been  
u s e d  w i t h  l i m i t e d  s u c c e s s  f o r  t h e  s y n t h e s i s  o f  t h e s e  compounds.  R e a g e n t s  
such a s  h y d r o g e n  c h l o r i d e ,  p h o s p h o ru s  t r i c h l o r i d e ,  c h l o r o d i p h e n y l p h o s p h i n e ,  
o - p h e n y l e n e  c h l o r o p h o s p h i t e  an d  t r i p h e n y l p h o s p h i t e  w i t h  a n h y d r o u s  h y d r o g e n  
c h l o r i d e  have  b e e n  u s e d  t o  c o n v e r t  o p t i c a l l y  a c t i v e  s e c o n d a r y  a l c o h o l s  
t o  t h e  c o r r e s p o n d i n g  o p t i c a l l y  a c t i v e  s e c o n d a r y  a l k y l  c h l o r i d e s .
T h e s e  l a t t e r  compounds m od i fy  t h e  h y d r o x y l  g r o u p  o f  t h e  a l c o h o l  
e i t h e r  by p r o t o n a t i o n  o r  e s t e r  f o r m a t i o n  such t h a t  a b e t t e r  l e a v i n g  
g ro u p  r e s u l t s .  N u c l e o p h i l i c  d i s p l a c e m e n t  by c h l o r i d e  i o n  t h e n  o c c u r s .
F o r  t h e  s y n t h e s i s  o f  o p t i c a l l y  p u r e  secondary a l k y l  c h l o r i d e s  i n  which 
t h e  c h l o r i n e  a to m  i s  a t t a c h e d  d i r e c t l y  t o  t h e  a s y m m e t r i c  c a r b o n  atom^ 
i t  i s  e s s e n t i a l  f o r  t h e  mechanism o f  d i s p l a c e m e n t  o f  t h e  m o d i f i e d  
h y d r o x y l  g ro u p  o f  t h e  a l c o h o l  by t h e  c h l o r i d e  i o n  t o  be 100 p e r c e n t  
S^2 i n  c h a r a c t e r .  However ,  i n  t h e s e  s y n t h e t i c  p r o c e d u r e s ,  t h e  p rob lem  
o f  r a c e m i z a t i o n  r e s u l t i n g  f rom t h e  i n t e r v e n t i o n  o f  a c a rb o n iu m  i o n  
i n t e r m e d i a t e  i n  t h e  d i s p l a c e m e n t  r e a c t i o n  lo w e rs  t h e  o p t i c a l  p u r i t y  
o f  t h e  a l k y l  c h l o r i d e .  The i n t r u s i o n  o f  t h i s  ca rb o n iu m  i o n  c h a r a c t e r  
i n  t h e  d i s p l a c e m e n t  r e a c t i o n  a l s o  may c a u s e  r e a r r a n g e m e n t .  The a d d i t i o n  
o f  h y d r o g e n  c h l o r i d e  t o  o l e f i n i c  s i d e  p r o d u c t s  may c o n t r i b u t e  t o  t h e
1
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2l o s s  o f  c h e m i c a l  and  o p t i c a l  p u r i t y  o f  t h e  a l k y l  c h l o r i d e s  when t h i s  
l a t t e r  r e a g e n t  i s  u s e d  o r  i s  g e n e r a t e d  i n  s i t u .
The  r e a g e n t  t h i o n y l  c h l o r i d e  i s  u s e d  o f t e n  f o r  t h e  c o n v e r s i o n  
o f  o p t i c a l l y  a c t i v e  s e c o n d a r y  a l c o h o l s  t o  a l k y l  c h l o r i d e s .  The s t e r e o ­
c h e m i c a l  ou tcome o f  t h i s  r e a c t i o n  seems t o  be d e p e n d e n t  t o  a  c e r t a i n
1 2e x t e n t  on t h e  n a t u r e  o f  t h e  s o l v e n t  medium. ’ R e a c t i o n  c o n d i t i o n s  
a r e  u s e d  t h a t  r e d u c e  t h e  amount  o f  o l e f i n i c  s i d e  p r o d u c t s  a n d  t h a t  
e l i m i n a t e  t h e  s m a l l  amount  o f  r e a r r a n g e m e n t  t h a t  may accompany t h e  
p r o c e s s .  The  i n i t i a l l y  formed a l k y l  c h l o r o s u l f i t e  i s  u s u a l l y  somewhat  
u n s t a b l e  a nd  i t  decomposes t o  y i e l d  a l k y l  c h l o r i d e  and  s u l f u r  d i o x i d e .
The mechanism o f  t h e  r e a c t i o n  o f  t h i o n y l  c h l o r i d e  w i t h  s e c o n d a r y  
a l c o h o l s  h a s  been  i n v e s t i g a t e d  d e e p l y  a s  t h e  alkyl c h l o r o s u l f i t e  i n t e r ­
m e d i a t e  u s u a l l y  can  be i s o l a t e d .  The p o s t u l a t e d  pa thway f o r  t h e
c o n v e r s i o n  o f  a s e c o n d a r y  a l c o h o l  t o  t h e  c o r r e s p o n d i n g  a l k y l  c h l o r i d e
3
u s i n g  t h i o n y l  c h l o r i d e  i s  shown i n  F i g u r e  1.
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F i g u r e  1 -  Mechanism f o r  t h e  R e a c t i o n  o f  a S e c o n d a ry  A l c o h o l  
w i t h  T h i o n y l  C h l o r i d e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The f i r s t  s t e p  o f  t h i s  r e a c t i o n  pa thway  i n v o l v e s  t h e  f o r m a t i o n  
o f  a n  a l k y l  c h l o r o s u l f i t e  e s t e r  t h a t  c a n  be i s o l a t e d .  T h i s  e s t e r  decom­
p o s e s  i n t o  a n  i n t i m a t e  i o n  p a i r  and  i n  t h e  f i n a l  s t e p  o f  t h i s  mechan­
i s t i c  s e q u e n c e ,  p a r t  o f  t h e  l e a v i n g  g r o u p  a t t a c k s  t h e  c e n t r a l  c a r b o n  
a tom  f rom  t h e  f r o n t  o n l y  s i n c e  i t  c a n n o t  p o s i t i o n  i t s e l f  f o r  a  b a c k ­
s i d e  a p p r o a c h .  The l a s t  two s t e p s  o f  t h i s  r e a c t i o n  pa thway c o n s t i t u t e  
t h e  m os t  o u t s t a n d i n g  example  o f  t h e  S ^ i  mechanism ( s u b s t i t u t i o n  n u c l e o -  
p h i l i c  i n t e r n a l )  t o  d a t e .  I t  s h o u l d  be  n o t e d  t h a t  t h i s  mechanism 
r e q u i r e s  t h a t  t h e r e  mus t  be  a  p a r t  o f  t h e  l e a v i n g  g ro u p  t h a t  c a n  a t t a c k  
t h e  s u b s t r a t e ,  d e t a c h i n g  i t s e l f  f rom t h e  r e s t  o f  t h e  l e a v i n g  g r o u p  i n  
t h e  p r o c e s s  and  t h i s  n e c e s s i t y  i s  s a t i s f i e d  i n  t h e  t h i o n y l  c h l o r i d e -  
a l c o h o l  r e a c t i o n .  No n e i g h b o u r i n g  g r o u p  p a r t i c i p a t i o n  i s  i n v o l v e d  i n  
t h i s  mechanism an d  t h e  s t e r e o c h e m i s t r y  o f  t h e  r e a c t i o n  i s  d e t e r m i n e d  
o n l y  i n  t h e  d e c o m p o s i t i o n  s t a g e .
T h e r e  i s  a p p r e c i a b l e  e x p e r i m e n t a l  e v i d e n c e  i n  s u p p o r t  o f  t h i s  
p r o p o s e d  mechanism.  The r e a c t i o n  b e tw e e n  a  s e c o n d a r y  a l c o h o l  and t h i o n y l
c h l o r i d e  i s  s e c o n d - o r d e r  b u t  t h e  d e c o m p o s i t i o n  o f  t h e  a l k y l  c h l o r o s u l f i t e  
4i s  f i r s t - o r d e r .  T h e s e  two r e a c t i o n  o r d e r s  a r e  p r e d i c t e d  by t h i s  
mechanism.
O r i g i n a l l y ,  i t  was t h o u g h t  t h a t  t h e  d e c o m p o s i t i o n  o f  a n  a l k y l
c h l o r o s u l f i t e  was a o n e - s t e p ,  i n t r a m o l e c u l a r ,  c o n c e r t e d  p r o c e s s  i n v o l v i n g
a  c y c l i c  t r a n s i t i o n  s t a t e ^  ( F i g u r e  2) .  However ,  t h i s  was d i s p r o v e d
l a t e r  f o r  t h e  c a s e  o f  s e c o n d a r y  a l c o h o l s  by a p r o d u c t  s t u d y  o f  t h e
5 14d e c o m p o s i t i o n  o f  3 - m e t h y l - 2 - b u t y l  c h l o r o s u l f i t e  and  by a C i s o t o p e
6i n v e s t i g a t i o n  o f  t h e  2 - b u t y l  c h l o r o s u l f i t e  d e g r a d a t i o n .  The r e s u l t s
o f  t h e s e  s t u d i e s  i n d i c a t e d  t h e  p r e s e n c e  o f  a n  i o n  p a i r  i n  t h e  decompo-
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4s i t i o n  o f  each  i n o r g a n i c  e s t e r ,  a s  t h e r e  was no o t h e r  way t o  e x p l a i n  t h e
14r e a r r a n g e m e n t  an d  t h e  s h i f t  o f  C i s o t o p e .
0
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/ V
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F i g u r e  2 -  C o n c e r t e d  D e c o m p o s i t i o n  o f  a n  A l k y l  C h l o r o s u l f i t e
I t  was d e m o n s t r a t e d  t h a t ,  i n  i n e r t  s o l v e n t s ,  a r y l  s u b s t i t u e n t s
7
i n c r e a s e d  t h e  amount  o f  r e t a i n e d  s t e r e o c h e m i s t r y  i n  t h e  a l k y l  c h l o r i d e .
T h i s  c o u l d  be e x p l a i n e d  by t h e  i n c r e a s e d  s t a b i l i z a t i o n  o f  t h e  c a t i o n  o f
t h e  i o n  p a i r  o f  t h e  S ^ i  mechan ism,  w h ich  would  make t h i s  pa thway more
a t t r a c t i v e  f o r  c h l o r o s u l f i t e  e s t e r  d e c o m p o s i t i o n .
The r e a c t i o n  o f  t h i o n y l  c h l o r i d e  w i t h  apocam phyl  a l c o h o l ,  a
8b r i d g e h e a d  compound, g e n e r a t e d  t h e  a l k y l  c h l o r o s u l f i t e .  However ,
t h i s  e s t e r  d i d  n o t  decompose t o  t h e  c o r r e s p o n d i n g  c h l o r i d e .  T h i s  would
seem t o  i n d i c a t e  t h e  need  f o r  a p l a n a r  c o n f i g u r a t i o n  a t  t h e  r e a c t i o n
c e n t r e  f o r  c h l o r o s u l f i t e  d e c o m p o s i t i o n .
A , p r i m a r y  a l c o h o l ,  1 - b u t a n o l - l - d ^ , was c h l o r i n a t e d  w i t h  t h i o n y l
9
c h l o r i d e  w i t h  i n v e r s i o n  o f  c o n f i g u r a t i o n .  A p p a r e n t l y ,  c h l o r i d e  i o n  
a t t a c k e d  t h e  c e n t r a l  c a r b o n  a tom  o f  t h e  c h l o r o s u l f i t e  e s t e r  i n  a n  S^2 
manner  by d e f a u l t ,  a s  u n i m o l e c u l a r  d e c o m p o s i t i o n  t o  a n  i o n  p a i r  i n v o l v i n g  
i o n i z a t i o n  o f  t h e  a lk y l -oxygen  bond would  have  y i e l d e d  a n  u n s t a b l e ,  
p r im a r y  c a rb o n iu m  i o n .  A l s o ,  i t  would a p p e a r  t h a t  e ven  f o r  p r im a ry
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5s y s t e m s  t h e  d e c o m p o s i t i o n  o f  t h e  a l k y l  c h l o r o s u l f i t e  v i a  a  fou r -m em bered  
c y c l i c  t r a n s i t i o n  s t a t e  i s  u n f a v o u r a b l e  ( F i g u r e  2) .
B - D e u te r iu m  k i n e t i c  i s o t o p e  s t u d i e s  were c o n d u c t e d  on  t h e  r e a c t i o n
t i o n  o f  t h e  a l k y l  c h l o r o s u l f i t e  i n t e r m e d i a t e  d u r i n g  d e c o m p o s i t i o n  t o  a n  
i o n  p a i r  i n v o l v i n g  B -h y d ro g en  s t a b i l i z a t i o n  o f  t h e  c a t i o n ' . s  p o s i t i v e  
c h a r g e  a s  i n  u n i m o l e c u l a r  s o l v o l y t i c  r e a c t i o n s  i n  which  t h e  f o r m a t i o n  
o f  a n  i o n i c  a g g r e g a t e  p r e c e d e s  t h e  a t t a c k  o f  s o l v e n t  on t h e  s u b s t r a t e .
As a  w h o l e ,  t h e  p r e c e d i n g  d a t a  s t r o n g l y  i n d i c a t e  t h a t  t h e  r e a c t i o n  
o f  a s e c o n d a r y  a l c o h o l  w i t h  t h i o n y l  c h l o r i d e  i n  a n  i n e r t  s o l v e n t  i n i t i a l l y  
y i e l d s  t h e  c o r r e s p o n d i n g  a l k y l  c h l o r o s u l f i t e  f o l l o w e d  by t h e  d e c o m p o s i t i o n  
o f  t h i s  e s t e r  v i a  t h e  S ^ i  mechanism i n v o l v i n g  a n  i o n  p a i r  w h ich  r e s u l t s  
i n  t h e  f o r m a t i o n  o f  t h e  a l k y l  c h l o r i d e  w i t h  r e t a i n e d  s t e r e o c h e m i s t r y .
The a l k y l  c h l o r i d e  h a v i n g  p r e d o m i n a n t l y  i n v e r t e d  s t e r e o c h e m i s t r y
c a n  be o b t a i n e d  by t h e  a d d i t i o n  o f  p y r i d i n e  t o  t h e  a l c o h o l - t h i o n y l  
3 10c h l o r i d e  m i x t u r e .  ’ I n v e r s i o n  o f  c o n f i g u r a t i o n  seems t o  be t h e  
r e s u l t  o f  t h e  r e a c t i o n  o f  p y r i d i n e  w i t h  t h e  a l k y l  c h l o r o s u l f i t e  i n t e r ­
m e d i a t e .  T h i s  o c c u r s  b e f o r e  t h e  d e c o m p o s i t i o n  o f  t h e  i n o r g a n i c  e s t e r  
h a s  a n  o p p o r t u n i t y  t o  t a k e  p l a c e  a n d  t h e  g e n e r a t e d  c h l o r i d e  i o n  a t t a c k s  
t h e  p y r i d i n i u m  i o n  i n  a b a c k s i d e  f a s h i o n  ( F i g u r e  3 ) .
F i g u r e  3 -  Mechanism f o r  t h e  R e a c t i o n  o f  a  S e c o n d a r y  A l c o h o l  w i t h  
T h i o n y l  C h l o r i d e  i n  t h e  P r e s e n c e  o f  P y r i d i n e
2 4o f  t h i o n y l  c h l o r i d e  w i t h  a  s e c o n d a r y  a l c o h o l .  ’ They i n d i c a t e d  i o n i z a -
+ R-O-S-Cl *  R-O-S-NC H +  Cl  
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6I n  t h e  p r e p a r a t i o n  o f  a r y l - s u b s t i t u t e d  s e c o n d a r y  a l k y l  c h l o r i d e s
from t h e  c o r r e s p o n d i n g  a l c o h o l s  u s i n g  t h e  p h o s p h o r u s  - c o n t a i n i n g
r e a g e n t s  an d  h y d rogen  c h l o r i d e ,  t h e  r e a d i n e s s  w i t h  which a l k y l  g r o u p s
c a r r y i n g  ce-a ry l  s u b s t i t u e n t s  form c a rb o n iu m  i o n s  makes i t  v i r t u a l l y
i m p o s s i b l e  t o  s y n t h e s i z e  o p t i c a l l y  a c t i v e  h a l i d e s  w i t h o u t  some r a c e -
m i z a t i o n ?  However ,  f o r  t h e  t h i o n y l  c h l o r i d e  r e a c t i o n  w i t h  a r y l - s u b s t i t u t e d
s e c o n d a r y  a l c o h o l s ,  t h e  amount  o f  r e t a i n e d  s t e r e o c h e m i s t r y  i n c r e a s e s  i n  
7
i n e r t  s o l v e n t s .
I t  was o f  i n t e r e s t  i n  t h i s  l a b o r a t o r y  t o  examine  t h e  e f f e c t  o f
e l e c t r o n - w i t h d r a w i n g  a r y l  s u b s t i t u e n t s  on t h e  s t e r e o c h e m i s t r y  o f  t h e
s e c o n d a r y  a l c o h o l - t h i o n y l  c h l o r i d e  r e a c t i o n  i n  a n  i n e r t  s o l v e n t .
T h i o n y l  c h l o r i d e  i s  u s e d  a s  a  c h l o r i n a t i n g  a g e n t  n o t  o n l y  f o r
t h e  c o n v e r s i o n  o f  a l c o h o l s  t o  a l k y l  c h l o r i d e s  b u t  a l s o  f o r  t h e  fo rm a -
11t i o n  o f  a c i d  c h l o r i d e s  f rom c a r b o x y l i c  a c i d s ;  M e c h a n i s t i c a l l y ,  v e r y  
l i t t l e  i s  known a b o u t  t h i s  l a t t e r  r e a c t i o n  a l t h o u g h  i t  m igh t  seem 
q u i t e  l i k e l y  t h a t  a n  a c y l  c h l o r o s u l f i t e  i n t e r m e d i a t e  i s  i n v o l v e d .
I t  was o b s e r v e d  p r e v i o u s l y  i n  t h i s  l a b o r a t o r y  t h a t  t h e  t r e a t m e n t  
o f  4 -b rom o- 4 ' - n i t r o b e n z h y d r y l  h y d r o g e n  p h t h a l a t e  w i t h  t h i o n y l  c h l o r i d e
12d i d  n o t  y i e l d  t h e  c o r r e s p o n d i n g  a c i d  c h l o r i d e  a s  t h e  r e a c t i o n  p r o d u c t .  
I n s t e a d ,  4 - b r o m o - 4 T- n i t r o b e n z h y d r y l  c h l o r i d e  and  p h t h a l i c  a n h y d r i d e  were 
fo rm ed .  An i n t r a m o l e c u l a r ,  c y c l i c ,  c o n c e r t e d  mechanism was p o s t u l a t e d  
t o  a c c o u n t  f o r  t h e  r e a c t i o n  p r o d u c t s  ( F i g u r e  4 ) .
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F i g u r e  4 -  P r o p o s e d  Mechanism f o r  t h e  R e a c t i o n  o f  A-Bromo-A1 
N i t r o b e n z h y d r y l  Hydrogen P h t h a l a t e  w i t h  T h i o n y l  C h l o r i d e
I t  was d e c i d e d  t o  d e t e r m i n e  t h e  outcome o f  t h e  r e a c t i o n  o f  
t h i o n y l  c h l o r i d e  w i t h  o t h e r  b e n z h y d r y l  h y d r o g e n  p h t h a l a t e s  and  i t  
seemed i n  o r d e r  t o  c o n d u c t  a s t e r e o c h e m i c a l  s t u d y  a s  a  t e s t  o f  t h e  
p o s t u l a t e d  mechanism.
I t  s h o u l d  be n o t e d  t h a t  t h i s  r e a c t i o n  would  be s y n t h e t i c a l l y  
u s e f u l  i f  i t s  s t e r i c  c o u r s e  i s  a s  i n d i c a t e d ,  a s  i t  would  p r o v i d e  a 
o n e - s t e p  method f o r  t h e  p r e p a r a t i o n  o f  a n  o p t i c a l l y  a c t i v e  s u b s t i t u t e d  
b e n z h y d r y l  c h l o r i d e  from t h e  c o r r e s p o n d i n g  o p t i c a l l y  a c t i v e  h y d ro g en  
p h t h a l a t e  e s t e r .  T h i s  would e l i m i n a t e  t h e  need f o r  t h e  c o n v e n t i o n a l  
t w o - s t e p  p r o c e s s  f o r  o p t i c a l l y  a c t i v e  b e n z h y d r y l  c h l o r i d e  f o r m a t i o n  
t h a t  i n v o l v e s  s a p o n i f i c a t i o n  o r  h y d r i d e  r e d u c t i o n  o f  t h e  o p t i c a l l y  
a c t i v e  e s t e r  f o l l o w e d  by t r e a t m e n t  o f  t h e  o p t i c a l l y  a c t i v e  a l c o h o l  
w i t h  t h i o n y l  c h l o r i d e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I  
RESULTS AND DISCUSSION
P r o d u c t  and  S t e r e o c h e m i c a l  S t u d i e s  o f  t h e  R e a c t i o n  o f  4 - N i t r o b e n z h y d r y l  
Hydrogen P h t h a l a t e  w i t h  T h i o n y l  C h l o r i d e
The r e a c t i o n  o f  t h i o n y l  c h l o r i d e  w i t h  4 - n i t r o b e n z h y d r y l  h y d r o g e n  
p h t h a l a t e  ( l )  was s t u d i e d  i n i t i a l l y  t o  e v a l u a t e  t h e  g e n e r a l i t y  o f  t h e/V
r e a c t i o n  t h a t  o c c u r r e d  w i t h  4 - b r o m o - 4 T- n i t r o b e n z h y d r y l  h y d r o g e n  p h t h a l a t e  
a n d  t h e  o n l y  i s o l a b l e  p r o d u c t s  were 4 - n i t r o b e n z h y d r y l  c h l o r i d e  ( 3 ) an d  
p h t h a l i c  a n h y d r i d e  ( 4 ) ,  which were  formed i n  y i e l d s  o f  47 an d  62 p e r c e n t ,  
r e s p e c t i v e l y .  N e i t h e r  t h e  a c i d  c h l o r i d e  (2 )  n o r  t h e  a c y l  c h l o r o s u l f i t e  
( 5 ) o f  4 - n i t r o b e n z h y d r y l  h y d r o g e n  p h t h a l a t e  c o u l d  be i s o l a t e d  o r  d e t e c t e d .
a/
A l t h o u g h  t h e  i n a b i l i t y  t o  i s o l a t e ^5, i s  n o t  s u r p r i s i n g ,  t h e  a b s e n c e  o f  
2 a s  t h e  d e s i r e d  p r o d u c t  o f  a  c o n v e n t i o n a l  r e a c t i o n  i s  i n t r i g u i n g  a sA"
i s  t h e  i s o l a t i o n  o f  3 i n  r e a s o n a b l e  y i e l d .
I t  was d e c i d e d  t o  c o n d u c t  a s t e r e o c h e m i c a l  s t u d y  on t h e  4 - n i t r o -  
b e n z h y d r y l  s y s te m  a s  t h e  s p e c i f i c  r o t a t i o n s  o f  o p t i c a l l y  p u r e  4 - n i t r o -
13b e n z h y d r y l  h y d r o g e n  p h t h a l a t e  ( l )  an d  4 - n i t r o b e n z h y d r o l  (6 )  a r e  known.
The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  a r e  summarized  i n  F i g u r e  5 an d  T a b l e  I .
The o p t i c a l l y  a c t i v e  e s t e r  1 an d  a l c o h o l  6 u s e d  i n  t h e  s t e r e o -
c h e m i c a l  i n v e s t i g a t i o n  were  r e s o l v e d  t o  g r e a t e r  t h a n  98 p e r c e n t  o p t i c a l
p u r i t y  ( [°=]^^+ 3 6 .7 0 °  and  + 7 7 . 1 1 ° ,  r e s p e c t i v e l y )  by t h e  method o f
13Puckowski  an d  Ross i n v o l v i n g  t h e  f r a c t i o n a l  c r y s t a l l i z a t i o n  o f
d i a s t e r e o m e r i c  q u i n i n e  s a l t s .  The s a p o n i f i c a t i o n  o f  o p t i c a l l y  a c t i v e
e s t e r  ( p a t h  B) y i e l d e d  o p t i c a l l y  a c t i v e  a l c o h o l ^  w i t h  r e t a i n e d
23 oc o n f i g u r a t i o n  a s  was shown by t h e  c o n v e r s i o n  o f  6 t o  1 ([“ ] +  3 6 .5 0  )
8
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Hydrogen P h t h a l a t e  w i t h  T h i o n y l  C h l o r i d e
TABLE I
S p e c i f i c  R o t a t i o n s  o f  E n a n t i o m e r i c  4 - N i t r o b e n z h y d r y l  C h l o r i d e
f rom  D i f f e r e n t  R e a c t i o n s
E n a n t i o m e r  o f
4 - N i t r o b e n z h y d r y l
C h l o r i d e
( - )
<->
(+)
S o u r c e  o f  
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w h i c h . h a d  v i r t u a l l y  t h e  same o p t i c a l  a c t i v i t y  a s  t h e  o r i g i n a l  e s t e r .
The  4 - n i t r o b e n z h y d r y l  c h l o r i d e  (3)  t h a t  was o b t a i n e d  from t h e  e s t e r  1 
v i a  p a t h  A had t h e  same o p t i c a l  a c t i v i t y  a s  t h e  c h l o r i d e ^ 3  formed by 
p a t h  C f rom t h e  a l c o h o l  6 ,  w h e r e a s  t h e  c h l o r i d e  3 p r o d u c e d  by p a t h  D 
had  t h e  o p p o s i t e  o p t i c a l  a c t i v i t y .  N e i t h e r  o f  t h e  e n a n t i o m e r s  o f  3  ^
l o s t  o p t i c a l  a c t i v i t y  when t r e a t e d  w i t h  t h i o n y l  c h l o r i d e  i n  c h l o r o f o r m  
f o r  two d a y s .
The r e a c t i o n  c o n d i t i o n s  o f  p a t h  C f o r  t h e  c o n v e r s i o n  o f  6 t o  3
—  s~s /~s
a r e  c o n d u c i v e  t o  r e a c t i o n  v i a  t h e  S ^ i  mechanism i n v o l v i n g  r e t e n t i o n  o f
2
c o n f i g u r a t i o n  a b o u t  t h e  a s y m m e t r i c  c a r b o n  atom. The r e a c t i o n  c o n d i ­
t i o n s  o f  p a t h  A a r e  v i r t u a l l y  i d e n t i c a l  t o  t h o s e  o f  p a t h  C_ and  t h e  c h l o r i d e  
3^ was o b t a i n e d  f rom t h e  e s t e r ^ w i t h  e s s e n t i a l l y  t h e  same o p t i c a l  
a c t i v i t y  a s  t h a t  o f  3 p ro d u ce d  f rom t h e  a l c o h o l  6. S i n c e  t h e  s a p o n i f i c a -/ v '  /*✓
t i o n  o f ^ l  y i e l d e d ^ ,  w i t h  r e t a i n e d  s t e r e o c h e m i s t r y ,  i t  would  seem t h a t
t h e  t h i o n y l  c h l o r i d e - 4 - n i t r o b e n z h y d r y l  h y d r o g e n  p h t h a l a t e  r e a c t i o n
p r o c e e d s  w i t h  e s s e n t i a l l y  c o m p l e t e  r e t e n t i o n  o f  c o n f i g u r a t i o n .
As f u r t h e r  e v i d e n c e  f o r  t h i s  p o s t u l a t e ,  t h e  t h i o n y l  c h l o r i d e
r e a c t i o n  w i t h  t h e  a l c o h o l ^ 6  was c o n d u c t e d  i n  t h e  p r e s e n c e  o f  p y r i d i n e .
Th e s e  c o n d i t i o n s  a r e  v e r y  f a v o u r a b l e  f o r  r e a c t i o n  p r o c e e d i n g  by t h e  S^2
mechanism i n v o l v i n g  i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  t h e  a s y m m e t r i c  c a r b o n  
3 10a tom .  ’ The c h l o r i d e ^ 3 ,  p r o d u c e d  by p a t h  ID was e n a n t i o m e r i c  t o  t h e  
c h l o r i d e  o b t a i n e d  from p a t h s  A and  C_. T h i s  o b s e r v a t i o n  a d d s  f u r t h e r  
s u p p o r t  t o  t h e  p r o p o s a l  t h a t  t h e  4 - n i t r o b e n z h y d r y l  h y d r o g e n  p h t h a l a t e -  
t h i o n y l  c h l o r i d e  r e a c t i o n  p r o c e e d s  s t e r e o s p e c i f i c a l l y  w i t h  e s s e n t i a l l y  
c o m p l e te  r e t e n t i o n  o f  c o n f i g u r a t i o n .
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The s t e r e o s p e c i f i c i t y  o f  t h i s  r e a c t i o n  can  be a c c o u n t e d  f o r  by 
a n  i o n i c  mechanism t h a t  i n v o l v e s  t h e  f o r m a t i o n  o f  a n  i n t i m a t e  i o n  p a i r  
f rom a n  a c i d  c h l o r i d e  i n t e r m e d i a t e  ( F i g u r e  6 ) .  T h i s  r e a c t i o n  pa thway 
i s  s i m i l a r  t o  t h a t  p r o p o s e d  f o r  t h e  d e c o m p o s i t i o n  o f  a n  a l k y l  c h l o r o ­
s u l f i t e  ( F ig u r e  l ) .  I t  s h o u l d  be n o t e d  t h a t  t h e  a c i d  c h l o r i d e  i n t e r m e d i a t e  
i n  t h e  p r o p o s e d  r e a c t i o n  mechanism a l s o  c o u l d  y i e l d  p r o d u c t s  v i a  a 
c o n c e r t e d ,  i n t r a m o l e c u l a r  pa thway i n v o l v i n g  a seven-membered  r i n g  t r a n s i ­
t i o n  s t a t e ,  a s  t h e  n i t r o  s u b s t i t u e n t  o f  t h e  b e n z h y d r y l  g ro u p  would  
p r o v i d e  l i t t l e  s t a b i l i z a t i o n  o f  p o s i t i v e  c h a r g e  i n  a n  i o n  p a i r .
P r o d u c t  S t u d y  o f  t h e  R e a c t i o n  o f  t h e  Hydrogen P h t h a l a t e  E s t e r s  o f  
B e n z h y d r o l ,  4 - M e t h y lb e n z h y d r o l  an d  4 -M eth o x y b e n zh y d ro l  w i t h  T h i o n y l  
C h l o r i d e
I n  o r d e r  t o  d e t e r m i n e  t h e  s c ope  and  s y n t h e t i c  u t i l i t y  o f  t h i s  
r e a c t i o n ,  o t h e r  s u b s t i t u t e d  b e n z h y d r y l  h y d r o g e n  p h t h a l a t e s  were  t r e a t e d  
w i t h  t h i o n y l  c h l o r i d e  and  a p r o d u c t  s t u d y  was c o n d u c t e d .  The r e s u l t s  
o f  a l l  t h i o n y l  c h l o r i d e  r e a c t i o n s  a r e  summarized  i n  T a b l e  I I .
From t h i s  t a b u l a t e d  d a t a ,  i t  i s  n o t e d  t h a t  b o t h  p h t h a l i c  a n h y ­
d r i d e  an d  t h e  c o r r e s p o n d i n g  b e n z h y d r y l  c h l o r i d e s  were  formed from th e  
r e a c t i o n  o f  t h e  b e n z h y d ry l ^  4 - m e t h y l b e n z h y d r y 1 an d  4 - m e th o x y b e n z h y d r y l  
h y d r o g e n  p h t h a l a t e s  w i t h  t h i o n y l  c h l o r i d e .  I n  a d d i t i o n ,  p h t h a l i c  a c i d  
was a m a j o r  p r o d u c t  which  i s  i n d i c a t i v e  o f  t h e  o p e r a t i o n  o f  a d i f f e r e n t  
mechanism f o r  t h e s e  e s t e r  r e a c t i o n s .  A p o s t u l a t e d  r e a c t i o n  s e q u e n c e  
i s  shown i n  F i g u r e  7.
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a R e f e r e n c e  12.
b The p r o d u c t  y i e l d s  were c a l c u l a t e d  i n  t h e  f o l l o w i n g  m anner .  From 
z moles  o f  e s t e r ,  z m o le s  o f  a n h y d r i d e  and z m o les  o f  c h l o r i d e  were 
fo rm ed .  F o r  t h e  r e a c t i o n s  i n  which p h t h a l i c  a c i d  a l s o  was p r o d u c e d ,  
t h e  y i e l d  o f  t h i s  p r o d u c t  was b a s e d  on a n  z mole t h e o r e t i c a l  amount .
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R e a c t i o n  o f  t h i o n y l  c h l o r i d e  w i t h  a c i d  p o r t i o n  o f  t h e  h y d r o g e n  
p h t h a l a t e  e s t e r  would  p r o d u c e  t h e  a c i d  c h l o r o s u l f i t e  an d  h y d r o g e n  
c h l o r i d e .  T h i s  a c y l  c h l o r o s u l f i t e  c o u l d  decompose t o  p h t h a l i c  a n h y d r i d e  
a n d  t h e  c o r r e s p o n d i n g  b e n z h y d r y l  c h l o r i d e  t h r o u g h  a n  a c i d  c h l o r i d e  
i n t e r m e d i a t e  a s  p r e v i o u s l y  d e s c r i b e d .  The h y d r o g e n  c h l o r i d e  g e n e r a t e d  
i n  s i t u  c o u l d  p r o t o n a t e  u n r e a c t e d  s t a r t i n g  m a t e r i a l  c r e a t i n g  a r e a s o n a b l y  
good l e a v i n g  g roup .  D i s s o c i a t i o n  o f  t h e  p r o t o n a t e d  s p e c i e s  c o u l d  
o c c u r  t o  y i e l d  p h t h a l i c  a c i d  an d  a n  i o n  p a i r  f o l l o w e d  by r e t u r n  o f  
t h i s  i o n i c  i n t e r m e d i a t e  t o  fo rm  t h e  b e n z h y d r y l  c h l o r i d e .  I t  s h o u l d  be 
n o t e d  t h a t  t h i s  d i s s o c i a t i o n  p r o c e s s  would  be e nha nce d  by t h e  p r e s e n c e  
o f  a n  e l e c t r o n - d o n a t i n g  s u b s t i t u e n t  i n  t h e  b e n z h y d r y l  g r o u p .
Summary and  C o n c l u s i o n s
I t  a p p e a r s  t h a t  t h e  r e a c t i o n  o f  t h i o n y l  c h l o r i d e  w i t h  4 -  n i t r o -  
b e n z h y d r y l  h y d r o g e n  p h t h a l a t e  i n  c h l o r o f o r m  p r o c e e d s  s t e r e o s p e c i f i c a l l y  
w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n  y i e l d i n g  4 - n i t r o b e n z h y d r y l  c h l o r i d e  
a n d  p h t h a l i c  a n h y d r i d e .  At  l e a s t  f o r  t h e  4 - n i t r o b e n z h y d r y l  s y s t e m ,  t h i s  
r e a c t i o n  seems t o  be  s y n t h e t i c a l l y  u s e f u l  f o r  t h e  p r e p a r a t i o n  o f  a n  
o p t i c a l l y  a c t i v e  b e n z h y d r y l  c h l o r i d e  from t h e  c o r r e s p o n d i n g  o p t i c a l l y  
a c t i v e  h y d r o g e n  p h t h a l a t e  e s t e r  i n  one s t e p .  T h i s  r e a c t i o n  may be 
q u i t e  g e n e r a l  f o r  any  b e n z h y d r y l  s y s t e m  which  c o n t a i n s  a n  e l e c t r o n -  
w i t h d r a w i n g  g roup  on one o r  b o t h  o f  t h e  b e n z en e  r i n g s .
The t r e a t m e n t  o f  b e n z h y d r y l ,  4 - m e t h y l b e n z h y d r y l  an d  4 -m e thoxy-  
b e n z h y d r y l  h y d r o g e n  p h t h a l a t e s  w i t h  t h i o n y l  c h l o r i d e  y i e l d s  t h e  c o r r e s p o n d ­
i n g  b e n z h y d r y l  c h l o r i d e s  a l o n g  w i t h  p h t h a l i c  a c i d  and  p h t h a l i c  a n h y d r i d e .  
A l t h o u g h  t h e  d e g r e e  o f  s t e r e o s p e c i f i c i t y  o f  t h e s e  r e a c t i o n s  i s  unknown, 
i t  wou ld  a p p e a r  f rom a c o n s i d e r a t i o n  o f  t h e  p r o d u c t  s t u d y  t h a t  t h e
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p r e s e n c e  o f  a n  e l e c t r o n - d o n a t i n g  s u b s t i t u e n t  on e i t h e r  o r  b o t h  o f  t h e  
p h e n y l  r i n g s  o f  t h e  b e n z h y d r y l  g ro u p  would a l l o w  t h e  o p e r a t i o n  o f  a 
mechan ism i n v o l v i n g  two r e a c t i o n  modes which  would a f f e c t ,  i n  o p p o s in g  
ways t h e  s t e r e o c h e m i c a l  outcome o f  e a c h  r e a c t i o n .  A l s o ,  t h e  s y n t h e t i c  
u t i l i t y  o f  t h e  r e a c t i o n  a s  a p p l i e d  t o  t h e s e  b e n z h y d r y l  s y s t e m s  would 
seem t o  be d i m i n i s h e d .
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CHAPTER I I I
EXPERIMENTAL
M e l t i n g  p o i n t s  were  t a k e n  on a  F i s h e r - J o h n s  a p p a r a t u s  an d  a r e  
u n c o r r e c t e d .  O p t i c a l  r o t a t i o n  m ea s u rem e n ts  were  d e t e r m i n e d  w i t h  a 
Rudolph  Model 80 p o l a r i m e t e r  e q u ip p e d  w i t h  a sodium lamp (A.589 nm) 
u s i n g  2 dm p o l a r i m e t e r  t u b e s  an d  c h l o r o f o r m  a s  t h e  s o l v e n t .  The 
e r r o r  l i m i t s  o f  t h e  s p e c i f i c  r o t a t i o n s  were  n o t  g r e a t e r  t h a n  + 1 . 0 ° .
The i n f r a r e d  ( i r )  s p e c t r a  were  o b t a i n e d  u s i n g  a  Beckman I R -1 0  s p e c t r o ­
p h o t o m e t e r  e q u ip p e d  w i t h  p o t a s s i u m  b rom ide  c e l l s .  A l l  s o l u t i o n s  were 
w e i g h t - w e i g h t  p e r c e n t  i n  t h e  s o l v e n t  s p e c i f i e d .  Only  t h e  s i g n i f i c a n t  
a b s o r p t i o n s  a r e  r e p o r t e d  (cm an d  t h e i r  i n t e n s i t i e s  a r e  e x p r e s s e d  
a s  weak (w,  100-75 p e r c e n t  t r a n s m i s s i o n ) , medium (m, 74-40 p e r c e n t  
t r a n s m i s s i o n )  o r  s t r o n g  ( s ,  39-0  p e r c e n t  t r a n s m i s s i o n ) .  M i c r o a n a l y s e s  
w ere  d e t e r m i n e d  by Midwest  M i c r o l a b  I n c . ,  I n d i a n a p o l i s ,  I n d i a n a .  The 
n u c l e a r  m a g n e t i c  r e s o n a n c e  (nmr) d a t a  were  o b t a i n e d  u s i n g  JEOL C-60 
an d  C-60HL i n s t r u m e n t s  and  t h e  c h e m i c a l  s h i f t s  a r e  e x p r e s s e d  in^""  u n i t s  
d o w n f i e l d  from i n t e r n a l  t e t r a m e t h y l s i l a n e .  The s p l i t t i n g  p a t t e r n  o f  
e a ch  r e s o n a n c e  i s  r e p o r t e d  u s i n g  t h e  f o l l o w i n g  c o d e :  s = s i n g l e t ,
d = d o u b l e t ,  t = t r i p l e t ,  m = m u l t i p l e t  and  bm=broad m u l t i p l e t .  T h e s e  
s o l u t i o n s  were w e i g h t - v o l u m e  p e r c e n t  i n  t h e  s o l v e n t  s p e c i f i e d .  
A n a l y t i c a l  t h i n  l a y e r  c h r o m a to g r a p h y  ( t i c )  was p e r f o r m e d  on 0 . 25-mm 
f l u o r e s c e n t  s i l i c a  g e l  p l a t e s  u s i n g  b e n z e n e  a s  t h e  e l u e n t .
4 - N i t r o b e n z h y d r o l  ( 6 )
12T h i s  a l c o h o l  was p r e p a r e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  Mamer.
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4 - N i t r o b e n z o p h e n o n e  ( 1 0 7 . 8  g ,  47 5 .0  mmole) was d i s s o l v e d  i n  1425 ml 
o f  t e t r a h y d r o f u r a n  i n  a 2-1,  c o n i c a l  f l a s k .  To t h e  s t i r r e d  s o l u t i o n ,  
sodium b o r o h y d r i d e  ( 1 4 . 3  g ,  3 8 0 .0  mmole) was ad d e d  i n  0 . 5 - g  p o r t i o n s  
e a ch  d i s s o l v e d  i n  5ml o f  i c e  c o l d  w a t e r .  T h e s e  a l i q u o t s  were  added  a t  
such  a r a t e  a s  t o  m a i n t a i n  t h e  t e m p e r a t u r e  o f  t h e  r e a c t i o n  m i x t u r e  
be low 35° .  A f t e r  a d d i t i o n  was c o m p l e t e d ,  t h e  m i x t u r e  was s t i r r e d  f o r
2 .0  h r  w i t h  t h e  f l a s k  l o o s e l y  s t o p p e r e d  and  t h e n  p ou red  o n t o  a  s l u r r y  
o f  2400 g o f  i c e  and  120 ml o f  12_N h y d r o c h l o r i c  a c i d .  The t e t r a h y d r o ­
f u r a n  was a l l o w e d  t o  e v a p o r a t e  f rom t h e  h y d r o l y z e d  m i x t u r e  u s i n g  a 
s t r e a m  o f  n i t r o g e n .  The y e l l o w  s o l i d  t h a t  formed was f i l t e r e d ,  a i r  
d r i e d  a n d  r e c r y s t a l l i z e d  from c h l o r o f o r m - h e x a n e .  T h i s  y i e l d e d  p a l e  
y e l l o w  c r y s t a l s  o f  p u r e  4 - n i t r o b e n z h y d r o l  ( 8 6 . 0  g ,  7 8 .2  p e r c e n t )  ? 
mp73-75° ( l i t .  ^ m p  7 3 - 7 5 , 5 ° ) ;  i r  (CHC1 , 10 p e r c e n t )  3600 (m, f r e e  OH) , 
3440 (w, bonded OH), 3010 (m, A r H ) ,  2860 (w, CH ) , 1600 and  1490 (m, A r ) ,  
1510 and  1340 ( s ,  N02 ) ,  1020 (m, C - 0 ) ;  nmr (CDC13 , 16 p e r c e n t )  2 . 0 0 - 2 . 9 0  
(bm, 9 ,  A r ) ,  4 . 3 5 U ,  1 ,  CH) , 7 .25  ( s ,  1 ,  Oh).
4 - N i t r o b e n z h y d r y l  Hydrogen P h t h a l a t e  ( l )
12T h i s  e s t e r  was p r e p a r e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  Mamer.
A s o l u t i o n  o f  4 - n i t r o b e n z h y d r o l  ( 1 9 .0  g ,  8 2 .0  mmole) and  p h t h a l i c  
a n h y d r i d e  ( 1 6 . 4  g ,  111 .0  mmole) i n  100 ml o f  p y r i d i n e  was ad d e d  to  
a 500-ml c o n i c a l  f l a s k .  Sodium h y d r i d e  ( 6 . 0  g o f  a 50 p e r c e n t  d i s p e r s i o n  
i n  m i n e r a l  o i l , 125 .0  mmole) was added  t o  t h e  r a p i d l y  s t i r r e d  s o l u t i o n  
m a i n t a i n i n g  t h e  r e a c t i o n  t e m p e r a t u r e  be low 35° .  The s o l u t i o n  was 
s t i r r e d  f o r  4 .0  h r  w i t h  t h e  f l a s k  l o o s e l y  s t o p p e r e d ,  t h e n  was 
p ou red  o n t o  a s l u r r y  o f  3 kg o f  i c e  and  100 ml o f  1 N h y d r o c h l o r i c  a c i d
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a n d  was made a c i d i c  t o  pH 5. The o r g a n i c  m a t e r i a l  was e x t r a c t e d  w i t h  
1 1. o f  c h l o r o f o r m  an d  t h e n  was washed w i t h  f i v e  100- m l  p o r t i o n s  o f
0 . 0 5  N h y d r o c h l o r i c  a c i d  f o l l o w e d  by w a s h in g  w i t h  a few 100-ml p o r t i o n s  
o f  w a t e r  u n t i l  t h e  a q u e o u s  l a y e r  was n e u t r a l .  The c h l o r o f o r m  s o l u t i o n  
was d r i e d  o v e r  a n h y d r o u s  sodium s u l f a t e ,  f i l t e r e d  and  c o n c e n t r a t e d .
The r e s u l t i n g  y e l l o w  s o l i d  was r e c r y s t a l l i z e d  from c h l o r o f o r m - h e x a n e  
y i e l d i n g  p a l e  y e l l o w  c r y s t a l s  o f  p u r e  4 - n i t r o b e n z h y d r y l  h y d r o g e n  
p h t h a l a t e  ( 2 3 . 3  g ,  7 5 . 4  p e r c e n t ) :  mp 157-159°  ( l i t .  ^ \ i p l 5 8 ° ) ;  i r
(CHC13 , 10 p e r c e n t )  3500-2400  ( s ,  COOH), 1730 ( s ,  e s t e r  C=0) ,  1700 
( s ,  a c i d  C=0) ,  1600 and  1490 (m, A r ) ,  1515 and  1345 ( s ,  M ^ )  j 1280 
a n d  1250 ( s ,  C-0)  ; nmr (CDCl^,  12 p e r c e n t )  - 1 . 9 2  ( s ,  1 ,  COOH), 1 . 6 0 -  
2 .90  (bm, 14 ,  Ar an d  CH).
A n a l . C a l c d  f o r  ^ 2 1 ^ 1 5 ^ 6 : 4 . 0 1 .  Found :  C, 6 6 . 77;
H, 4 . 1 1 .
(+) - 4 - N i t r o b e n z h y d r y l  Hydrogen  P h t h a l a t e  ( l )
The e n a n t i o m e r i c  e s t e r  was p r e p a r e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  
13o f  Puckowski  and  R o s s .  The r a c e m i c  e s t e r  ( 1 0 6 . 0  g ,  281 .0  mmole) 
was d i s s o l v e d  i n  1 l . o f  99 p e r c e n t  e t h a n o l  i n  a  2-1.  c o n i c a l  f l a s k .  
Q u i n i n e  ( 9 0 . 4  g ,  279 .0  mmole) was added  i n  10-g  p o r t i o n s  t o  t h e  warmed 
an d  s t i r r e d  s o l u t i o n .  The r e s u l t i n g  y e l l o w  s o l u t i o n  was f i l t e r e d  and  
s t o r e d  i n  a s e a l e d  2-1.  f l a s k .  The w h i t e  c r y s t a l s  ( 6 8 . 0  g ,  mp 124-  
127°)  t h a t  formed w i t h i n  t e n  da ys  were removed by f i l t r a t i o n  and  
d i s s o l v e d  i n  99 p e r c e n t  e t h a n o l .  A f t e r  one w eek ,  a  w h i t e  c r y s t a l l i n e  
s o l i d  formed which  was c o l l e c t e d  by f i l t r a t i o n  ( 5 1 . 0  g ,  2 6 .0  p e r c e n t ) :  
mp 1 2 6 - 1 2 8 ° ;  [oc] ^  - 6 1 . 1 5 °  (C 1 . 0 0 ) .  The q u i n i n e  s a l t  ( 2 8 . 1  g ,  4 0 .0  
mmole) was d i s s o l v e d  i n  1 1. o f  95 p e r c e n t  e t h a n o l  and  t h i s  s o l u t i o n
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was a d d e d  t o  1120 ml o f  r a p i d l y  s t i r r e d ,  i c e  c o l d  0 . 2  N h y d r o c h l o r i c  
a c i d .  The s o l i d  t h a t  formed was c o l l e c t e d  by f i l t r a t i o n ,  d r i e d  and  
r e c r y s t a l l i z e d  from b e n z en e  y i e l d i n g  p a l e  y e l l o w  c r y s t a l s  o f  pu re  
( + ) -  4 -  n i t r o b e n z h y d r y l  h y d r o g e n  p h t h a l a t e  ( 8 . 8  g ,  5 8 . 3  p e r c e n t ) :  
mp 1 2 9 - 1 3 1 ° ;  H j 5 +  3 6 .7 0 °  (C 2 .00 )  ( l i t .  13mp 1 3 1 - 1 3 2 ° ,  C« ] ^ 0 +
3 7 . 2 °  (C 4 . 0 ) ) ;  i r  an d  nmr s p e c t r a  were  s i m i l a r  t o  t h o s e  o f  t h e  r a c e m i c  
e s t e r .
A n a l .  C a l c d  f o r  C„,H,  ,-NO,: C,  6 6 . 8 4 ;  H, 4 . 0 1 .  Found:  C, 6 7 . 0 5 ;  / i  15 o
\
H, 4 .1 5 .
( + ) - 4 - N i t r o b e n z h y d r o l  ( 6 )
A s o l u t i o n  o f  ( + ) - 4 - n i t r o b e n z h y d r y l  h y d r o g e n  p h t h a l a t e  ( 4 . 0 0  g ,  
1 0 .7  mmole) i n  60 ml o f  t e t r a h y d r o f u r a n  was pou red  i n t o  1 1. o f  r a p i d l y  
s t i r r e d ,  i c e  c o l d  2N sodium h y d r o x i d e  s o l u t i o n .  N i t r o g e n  was b u b b l e d  
t h r o u g h  t h e  a q u e o u s  s o l u t i o n  u n t i l  no odour  o f  t e t r a h y d r o f u r a n  r e m a in e d .
The p a l e  y e l l o w  s o l i d  t h a t  fo rmed was c o l l e c t e d  by f i l t r a t i o n ,  d r i e d
i n  vacuo  an d  r e c r y s t a l l i z e d  f rom  b e n z e n e  y i e l d i n g  p a l e  y e l l o w  c r y s t a l s  
o f  p u r e  ( + ) - 4 - n i t r o b e n z h y d r o l  ( 1 . 3 7  g ,  56..0 p e r c e n t ) :  mp 7 9 - 8 0 . 5 ° ;
[a J D25 +  77. 11°  (C 1 .9 9 )  ( l i t .  13mp 8 0 - 8 1 ° ,  + 7 8 . 2 °  (C 2 . 0 6 ) ) ;
i r  a nd  nmr s p e c t r a  were i d e n t i c a l  t o  t h o s e  o f  t h e  r a c e m i c  a l c o h o l .
A n a l . C a l c d  f o r  C ^ H ^ N O ^ :  C, 6 8 . 1 1 ;  H, 4 . 8 4 .  Found:  C, 6 8 . 22;
H, 4 .9 4 .
C o n v e r s i o n  o f  ( + ) - 4 - N i t r o b e n z h y d r o l  ( 6 ) t o  ( + ) - 4 - N i t r o b e n z h y d r y l  
Hydrogen P h t h a l a t e ( l )
The p r o c e d u r e  d e s c r i b e d  p r e v i o u s l y  f o r  t h e  c o n v e r s i o n  o f  r a c e m i c
4 - n i t r o b e n z h y d r o l  t o  r a c e m i c  4 - n i t r o b e n z h y d r y l  h y d r o g e n  p h t h a l a t e  was
9 ^
u s e d .  ( + ) - 4 - N i t r o b e n z h y d r o l  ( [°c]D +  7 7 .1 1 °  (C 1 . 9 9 ) )  y i e l d e d  on
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r e a c t i o n  w i t h  p h t h a l i c  a n h y d r i d e  p a l e  y e l l o w  c r y s t a l s  o f  ( + ) - 4 - n i t r o b e n z — 
h y d r y l  h y d r o g e n  p h t h a l a t e :  mp 1 3 0 - 1 3 2 ° ;  [ ° 0 p ^  + 3 6 .5 0 °  (C 0 . 8 5 )  ( l i t . ^ m p
1 3 1 - 1 3 2 ° ,  [ “J p  + 3 7 . 2 °  (C 4 . 0 ) ) ;  i r  an d  nmr s p e c t r a l  d a t a  compared  
f a v o u r a b l y  w i t h  t h o s e  o f  t h e  r a c e m i c  e s t e r .
C o n v e r s i o n  o f  ( + ) - 4 - N i t r o b e n z h y d r o l  ( 6 ) t o  ( - ) - 4 - N i t r o b e n z v h y d r v l  
C h l o r i d e  (3 )
( + ) - 4 - N i t r o b e n z h y d r o l  ( 0 . 5 0  g ,  2 . 2  mmole) was d i s s o l v e d  i n  3 ml 
o f  c h l o r o f o r m  i n  a 2 5 - m l , r o u n d - b o t t o m e d  f l a s k  which  was e q u ip p e d  w i t h  
a  c o n d e n s e r  a nd  a  c a l c i u m  c h l o r i d e  d r y i n g  t u b e .  T h i o n y l  c h l o r i d e  
( 0 . 3 9  g ,  3 . 3  mmole) was ad d e d  d r o p w i s e  t o  t h e  s o l u t i o n .  The r e a c t i o n  
s o l u t i o n  was s t i r r e d  f o r  24 .0  h r  a t  25° a f t e r  which  t i c  a n a l y s i s  
( s i l i c a  g e l ,  b e n z e n e )  showed o n l y  a t r a c e  o f  a l c o h o l .  The v o l a t i l e  
m a t e r i a l s  were removed i n  vacuo  an d  t h e  r e s i d u a l  o i l  was d i s t i l l e d  
y i e l d i n g  ( - ) - 4 - n i t r o b e n z h y d r y l  c h l o r i d e  ( 0 . 3 0 g ,  5 5 .1  p e r c e n t )  a s  a 
p a l e  y e l l o w  o i l  t h a t  was p u r e  a c c o r d i n g  t o  t i c  a n a l y s i s  ( s i l i c a  g e l ,  
b e n z e n e ) :  bp 148-149°  ( 3 0 p ) ;  1 . 6 1 2 4  ( l i t . ^  f o r  r a c e m i c  c h l o r i d e
bp 168° ( 2  mm), n ^  1 . 6 1 7 1 ) ;  [cc ]  ^  -  5 . 7 0 °  (C 1 . 0 0 ) ;  i r  (CHCI3 , 10 p e r c e n t )  
3020 (m, A r e ) ,  2850 (w, CH) , 1600 and  1490 (m, Ar)  , 1520 an d  1350 
(m, ITC^) ; nmr (CDCl^,  18 p e r c e n t )  1 .9 5  -  2 .85  (bm, 9 ,  A r ) ,  4 .0 1  ( s ,  1 ,  CH). 
The s p e c t r a l  d a t a  were i d e n t i c a l  t o  t h o s e  o f  r a c e m i c  4 - n i t r o b e n A y d r y l  
c h l o r i d e  p r e p a r e d  f rom r a c e m i c  4 - n i t r o b e n z h y d r o l .
A n a l . C a l c d  f o r  C ^ H ^ C I N O ^ C , 6 3 . 0 4 ;  H, 4 . 0 7 .  Found :  C,  6 3 . 0 5 ;
H, 4 . 1 5 .
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C o n v e r s i o n  o f  4 - N i t r o b e n z h y d r y l  Hydrogen P h t h a l a t e  ( l )  t o  
4 - N i t r o b e n z h y d r y l  C h l o r i d e  (3)
The  r a c e m i c  e s t e r  ( 1 . 8 8 5  g ,  5 . 0  mmole) was d i s s o l v e d  i n  15 ml 
o f  c h l o r o f o r m .  T h i o n y l  c h l o r i d e  ( 1 .0 7 0  g ,  9 . 0  mmole) was a d d e d  t o  
t h i s  s o l u t i o n  which  t h e n  was s t i r r e d  f o r  108 .0  h r  a t  25° a f t e r  which  
t i c  a n a l y s i s  ( s i l i c a  g e l ,  b e n z e n e )  i n d i c a t e d  c o m p l e t e  r e a c t i o n .  
V o l a t i l e  m a t e r i a l s  were removed i n  vacuo  and  t h e  r e s i d u a l  y e l l o w  gum 
was d i s s o l v e d  i n  h o t  p e t r o l e u m  e t h e r  (bp  6 5 - 1 1 0 ° ) .  C r y s t a l s  o f  p u r e  
p h t h a l i c  a n h y d r i d e  formed ( 0 . 4 6 0  g ,  6 2 .1  p e r c e n t ,  mp 1 29 -130° )  and  
were  removed by f i l t r a t i o n .  The f i l t r a t e  was c o n c e n t r a t e d  an d  t h e  
l a s t  t r a c e s  o f  p h t h a l i c  a n h y d r i d e  were  removed by s u b l i m a t i o n  a t  
40 - 45° (50  |i) f o r  1 0 .0  h r .  The r e m a i n i n g  o i l  was d i s t i l l e d  t w i c e  
y i e l d i n g  r a c e m i c  4 - n i t r o b e n z h y d r y l  c h l o r i d e  ( 0 . 5 7 3 g ,  4 6 .5  p e r c e n t )  a s  
a p a l e  y e l l o w  o i l  t h a t  was p u r e  a c c o r d i n g  t o  t i c  a n a l y s i s  ( s i l i c a  g e l ,  
b e n z e n e ) :  bp 132-134°  ( 3 5 p ) ;  n ^  1 .6160  ( l i t . ^  f o r  r a c e m i c  c h l o r i d e
2Q
bp 168 (2mm), n^ 1 .6 1 7 1 )  ; i r  an d  nmr s p e c t r a  were  i d e n t i c a l  t o  t h o s e
o f  4 - n i t r o b e n z h y d r y l  c h l o r i d e  o b t a i n e d  f rom t h e  r e a c t i o n  o f  t h i o n y l  
c h l o r i d e  w i t h  t h e  a l c o h o l .
C o n v e r s i o n  o f  ( + ) - 4 - N i t r o b e n z h y d r y l  Hydrogen P h t h a l a t e  ( l )  t o  
( _ ) - 4 - ^ i t r o b e n z h y d r y l  C h l o r i d e  (3 )  -
The p r o c e d u r e  p r e v i o u s l y  d e s c r i b e d  f o r  t h e  c o n v e r s i o n  o f  t h e  
r a c e m i c  e s t e r  t o  r a c e m i c  4 - n i t r o b e n z h y d r y l  c h l o r i d e  was u s e d  w i t h  t h e  
r e a c t i o n  t im e  changed  t o  5 2 .0  h r .  ( + ) - 4 - N i t r o b e n z h y d r y l  h y d r o g e n  
p h t h a l a t e  ( 0 . 2 1 0  g ,  0 . 5 5  mmole) gave ( - ) - 4 - n i t r o b e n z h y d r y l  c h l o r i d e  
( 0 . 0 6 3  g ,  4 6 .0  p e r c e n t )  t h a t  was un icom ponen t  by t i c  a n a l y s i s  ( s i l i c a  
g e l ,  b e n z e n e )  : bp 138-140°  ( 20p.) ; n ^  1 .6147  ( l i t . ^  f o r  r a c e m i c
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c h l o r i d e  bp 168° (2mm), 1 . 6 1 7 1 ) ;  [cc] - 5 . 6 8 °  (C 1 . 0 0 ) ;  i r  and
nmr s p e c t r a  were i d e n t i c a l  t o  t h o s e  o f  ( - ) - 4 - n i t r o b e n z h y d r y l  c h l o r i d e  
o b t a i n e d  from ( + ) - 4 - n i t r o b e n z h y d r o l .
A n a l . C a l c d  f o r  C ^ H ^ C I N O ^ C , 6 3 . 0 4 ;  H, 4 . 0 7 .  Found :  C , 62 .9 6
H, 4 . 3 6 .
C o n v e r s i o n  o f  ( + ) - 4 - N i t r o b e n z h y d r o l  ( 6 ) t o  ( + ) - 4 - N i t r o b e n z h y d r y l  
C h l o r i d e  ( 3 )
( + ) - 4 - N i t r o b e n z h y d r o l  ( 0 . 1 2 5  g ,  0 .  SSmsnole) was d i s s o l v e d  i n  2 ml 
o f  c h l o r o f o r m .  P y r i d i n e  ( 0 . 0 4 3  g ,  0 . 5 5  mmole) was ad d e d  t o  t h e  s t i r r e d  
s o l u t i o n  f o l l o w e d  by t h e  d r o p w i s e  a d d i t i o n  o f  t h i o n y l  c h l o r i d e  ( 0 . 1 2 0  g
I . 0 0  mmole) .  The s o l u t i o n  was s t i r r e d  f o r  2 .0  h r  a t  25° a f t e r  which  
t i c  a n a l y s i s  ( s i l i c a  g e l ,  b e n z e n e )  showed c o m p l e t e  r e a c t i o n .  V o l a t i l e  
m a t e r i a l s  were removed i n  vacuo  and  t h e  r e s u l t i n g  o i l  was e x t r a c t e d  
w i t h  p e t r o l e u m  e t h e r  (bp  6 5 -1 1 0 ° )  l e a v i n g  a  y e l l o w  s o l i d  r e s i d u e .  The 
h y d r o c a r b o n  s o l u t i o n  was c o n c e n t r a t e d  and  t h e  c r u d e  o i l  was d i s t i l l e d  
y i e l d i n g  ( + ) - 4 - n i t r o b e n z h y d r y l  c h l o r i d e  ( 0 .1 0 0  g ,  70 .0  p e r c e n t )  a s  a 
p a l e  y e l l o w  o i l  t h a t  was p u r e  a c c o r d i n g  t o  t i c  a n a l y s i s  ( s i l i c a  g e l ,  
b e n z e n e ) : b p  154-156°  ( 5 0 p ) ;  n ^  1 .6 1 5 4  ( l i t .  f o r  r a c e m i c  c h l o r i d e
bp 168° (2  mm), 1 . 6 1 7 1 ) ;  [“ Oj^ +  5 . 8 5 °  (C 1 .0 0 ) j  i r  an d  nmr s p e c t r a  
were  i d e n t i c a l  t o  t h o s e  o f  r a c e m i c  and  ( - ) - 4 - n i t r o b e n z h y d r y l  c h l o r i d e .
A n a l . C a l c d  f o r  C ^ H ^ C I N O ^ C , 6 3 . 0 4 ;  H, 4 . 0 7 .  Found :  C, 62 .7 3
H, 4 . 2 2 .
T r e a t m e n t  o f  ( + ) -  and  ( - ) - 4 - N i t r o b e n z h y d r y l  C h l o r i d e  (3 )  w i t h  
T h i o n y l  C h l o r i d e
To a  2-ml c h l o r o f o r m  s o l u t i o n  o f  e a ch  e n a n t i o m e r  o f  4 - n i t r o ­
b e n z h y d r y l  c h l o r i d e  ( 0 . 1 3 0  g ,  0 . 5 3  m mole) ,  t h i o n y l  c h l o r i d e  was a dde d .
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Ea c h  s o l u t i o n  was s t i r r e d  f o r  48 .0  h r  a t  25°.  V o l a t i l e  m a t e r i a l s  . 
w e re  removed i n  vacuo  from e a c h  s o l u t i o n  and  t h e  r e s i d u a l  o i l  was 
d i s s o l v e d  i n  p e t r o l e u m  e t h e r  (bp  6 5 - 1 1 0 ° ) .  Each  h y d r o c a r b o n  s o l u t i o n  
was f i l t e r e d  an d  c o n c e n t r a t e d  y i e l d i n g  e n a n t i o m e r i c  4 - n i t r o b e n z h y d r y l  
c h l o r i d e  which  p h y s i c a l  and  s p e c t r a l  p r o p e r t i e s  r e m a in e d  u nchanged .
Hydrogen  P h t h a l a t e  E s t e r s  o f  B e n z h y d r o l ,  4 - M e t h y l b e n z h y d r o l  and 
4 -M eth o x y b e n zh y d ro l
T h e s e  e s t e r s  were  p r e p a r e d  i n  good y i e l d s  (^75 p e r c e n t )  a c c o r d i n g  
t o  t h e  p r o c e d u r e  d e s c r i b e d  f o r  t h e  s y n t h e s i s  o f  4 - n i t r o b e n z h y d r y l  
h y d r o g e n  p h t h a l a t e .  The a l c o h o l s  u s e d  i n  t h e s e  p r e p a r a t i o n s  were 
e i t h e r  c o m m e r c i a l l y  a v a i l a b l e  o r  were  o b t a i n e d  by. t h e  sod ium b o r o h y d r i d e  
r e d u c t i o n  o f  t h e  c o r r e s p o n d i n g  k e t o n e s .  . The p h y s i c a l  an d  s p e c t r a l  
p r o p e r t i e s  o f  t h e s e  e s t e r s  a r e  g i v e n  be low.
B e n z h y d r y l  Hydrogen P h t h a l a t e *. mp 1 5 9 - 1 5 9 . 5 °  ( l i t . ^ m p  1 5 7 - 1 5 8 ° ) ;  
i r  (CHC1 , 10 p e r c e n t )  3500-2400 (m, COOH), 1730 ( s ,  e s t e r  C=0) ,  1705 
( s ,  a c i d  C^O), 1600 and  1490 (m, A r ) ,  1280 and  1260 (m, C - 0 ) ;  nmr (CDCl^, 
12 p e r c e n t )  - 2 . 1 0  ( s ,  1 ,  COOH), 2 . 0 0 - 2 . 8 5  (bm, 15 ,  Ar and  CH).
A n a l . C a l c d  f o r  C21H160 4 : C, 7 5 . 8 9 ;  H, 4 . 8 5 .  Found:  C, 7 5 . 8 7 ;
H, 4 . 9 3 .
4 - M e t h y lb e n z h v d r y l  Hydrogen P h t h a l a t e : mp 124-125°  ( l i t . ^
mp 1 2 0 - 1 2 2 ° ) ;  i r  (CHC13> 10 p e r c e n t )  3500 -  2400 ( s ,  C00H) , 1730 ( s ,  e s t e r  
C=0), 1710 ( s ,  a c i d  C = 0 ) ,  1600 an d  1490 (m, A r ) ,  1280 and  1255 ( s ,  C - 0 ) ;  
nmr (CDC13> 12 p e r c e n t ) - 1 . 6 8  ( s ,  1 ,  COOH), 2 . 0 0 - 3 . 0 0  (bm, 14 ,  Ar an d  CH),  
7 . 7 8  ( s ,  3 ,  CH3 ).
A n a l . C a l c d  f o r  C 22H1 8 ° 4 : G’ 7 6 , 2 9 » H’ 5 * 24* Found:  C,  7 6 . 1 3 ;
H, 5 . 2 3 .
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4-M e thoxybe nzhyd ry l  Hydrogen P h t h a l a t e : mp 101-102°  ( l i t .
mp 1 0 2 - 1 0 3 ° ) ;  i r  (CHC13 , 10 p e r c e n t )  3500-2400 ( s ,  COOH) , 1730 ( s ,  e s t e r  
C = 0 ) ,  1705 ( s ,  a c i d  C=0) , 1610 and  1510 (m, A r ) ,  1280 and  1250 ( s ,  C - 0 ) ;  
nmr (CDC13 , 12 p e r c e n t ) - 1 . 6 8  ( s ,  1 ,  COOH), 2 . 0 0 - 3 . 4 0  (bm, 14 ,  Ar and  CH), 
6 . 3 4  ( s ,  3 ,  CH3 ).
A n a l . C a l c d  f o r  C ^ H ^ O ^  C, 7 2 . 9 2 ;  H, 5 .01,  Found: C, 73.06; H, 5.22.
C o n v e r s i o n  o f  B e n z h y d r y l  Hydrogen P h t h a l a t e  t o  B e n z h y d r y l  C h l o r i d e
The r a c e m i c  e s t e r  ( 1 . 6 6 0  g ,  5 . 0  mmole) was d i s s o l v e d  i n  15 ml 
o f  c h l o r o f o r m  and  t o  t h i s  s o l u t i o n ,  t h i o n y l  c h l o r i d e  ( 1 . 0 7 0  g ,  9 . 0  mmole) 
was a d d e d .  The r e a c t i o n  m i x t u r e  t u r n e d  c lo u d y  w i t h i n  two m i n u t e s  
a f t e r  t h e  t h i o n y l  c h l o r i d e  a d d i t i o n  an d  was s t i r r e d  f o r  a n  a d d i t i o n a l
108 .0  h r  a t  25°.  The t i c  a n a l y s i s  ( s i l i c a  g e l ,  b e n z e n e )  i n d i c a t e d  
c o m p l e t e  r e a c t i o n .  The w h i t e  i n s o l u b l e  m a t e r i a l  ( 0 .4 7 0  g ,  5 6 .7  p e r c e n t ,  
mp 1 9 5 - 1 9 6 . 5 ° )  was removed by f i l t r a t i o n  and  i d e n t i f i e d  a s  p h t h a l i c  
a c i d .  V o l a t i l e  m a t e r i a l s  were removed i n  vacuo  and  t h e  r e s i d u a l  
y e l l o w  gum was d i s s o l v e d  i n  h o t  p e t r o l e u m  e t h e r  (bp  6 5 - 1 1 0 ° ) .  Upon 
c o o l i n g ,  c r y s t a l s  o f  p h t h a l i c  a n h y d r i d e  formed ( 0 . 0 6 0  g ,  8 . 1  p e r c e n t ,  
mp 12 8 -1 3 0 ° )  a nd  were  removed by f i l t r a t i o n .  The f i l t r a t e  was c o n c e n ­
t r a t e d  a n d  t h e  l a s t  t r a c e s  o f  p h t h a l i c  a n h y d r i d e  were removed by s u b l i m a ­
t i o n  a t  35° (60ji) f o r  s e v e r a l  h o u r s .  The r e s i d u a l  o i l  was d i s t i l l e d  
t w i c e  y i e l d i n g  b e n z h y d r y l  c h l o r i d e  ( 0 .5 5 3  g ,  5 4 . 6  p e r c e n t ) as a pale yellow 
o i l :  bp 69° ( 5 0 | i ) ;  n^°  1 .5 9 4 0  ( l i t . ^ b p  173° (19 mm), n ^ l . 5 9 5 9 ) ;
i r  (CHC1 , 10 p e r c e n t )  3010 (m, A r H ) , 2870 (w, C H ) , 1600 and  1490 
(m, A r ) ;  nmr (CDCl^,  13 p e r c e n t )  2 .73  (m, 10 ,  A r ) ,  3 . 9 3  ( s ,  1 ,  CH).
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A c c o r d in g  t o  t h e  ab o v e  p r o c e d u r e ,  the. 4 - m e t h y l b e n z h y d r y l  and  
4 -m e th o x y b e n z h y d r y l  h y d r o g e n  p h t h a l a t e s  were c o n v e r t e d  t o  t h e i r  
c o r r e s p o n d i n g  c h l o r i d e s .  T h e s e  r e a c t i o n s  a l s o  y i e l d e d  p h t h a l i c  a c i d  
i n  a d d i t i o n  t o  p h t h a l i c  a n h y d r i d e  and t h e  r e s p e c t i v e  b e n z h y d r y l  
c h l o r i d e s .  The p r o d u c t  y i e l d s  a r e  l i s t e d  i n  T a b l e  I I  and  t h e  p h y s i c a l  
an d  s p e c t r a l  p r o p e r t i e s  o f  t h e  4 - m e t h y l b e n z h y d r y l  an d  4 - m e t h o x y b e n z h y d r y l  
c h l o r i d e s  a r e  r e c o r d e d  be low .
4 - M e t h v lb e n z h y d r y l  C h l o r i d e :  bp 7 3 .5 °  (35 p.) ;  n ^  1 .5845
( l i t . ^ b p  160-164°  (7 mm), n ^  1 . 5 8 6 5 ) ;  i r  (CHCl^, 10 p e r c e n t )  3010 
(m, ArH) , 2920 and  2860 (m, CH^ and  CH) , 1600,  1510 an d  1490 (m, A r ) ;
nmr (CDCl^,  14 p e r c e n t )  2 .80  (m, 9 ,  A r ) ,  3 .9 3  ( s ,  1 ,  CH ) , 7 .7 0  ( s ,  3 ,  CH^).
o 16 o4 -M e thoxybe nzhyd ry l  C h l o r i d e :  mp 60 -62  ( l i t .  mp 62-63  ) ;
i r  (CHCl^,  8 p e r c e n t )  3010 (m, A rH ) ,  2940 and  2840 (m, CH^ and  CH),
1610,  1510 and  1495 ( s ,  A r ) ,  1245 ( s ,  A r - 0 -C H ^ ) ;  nmr (CDCl^,  14 p e r c e n t )
2 . 4 7 - 3 . 3 6  (bm, 9 ,  A r ) ,  3 .9 0  ( s ,  1 ,  CH ) , 6 .2 5  ( s ,  3 ,  CH3 ).
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PART I I
A STUDY OF THE PYROLYSIS OF THE HYDROGEN AND 
METHYL PHTHALATE ESTERS OF THE CIS.- AND 1RANS.- 1-  PHENYL-2- 
METHYLCYCLOHEXANOLS IN N, N-DIMETHYLFORMMIDE 
CHAPTER I  
INTRODUCTION
The p y r o l y t i c  e l i m i n a t i o n  r e a c t i o n  i n v o l v i n g  e s t e r s  i s  u s e d  o f t e n  
t o  p r e p a r e  o l e f i n s  ( F i g u r e  l ) . *  T h i s  r e a c t i o n  p r o v i d e s  a method f o r  t h e  
i n t r o d u c t i o n  o f  u n s a t u r a t i o n  i n t o  a  s y s te m  w i t h  l i t t l e  o r  no o l e f i n  i s o m e r ­
i z a t i o n .  However ,  h i g h  t e m p e r a t u r e s  (3 0 0 -5 5 0 ° )  u s u a l l y  a r e  r e q u i r e d
f o r  d e c o m p o s i t i o n .  As t h i s  r e a c t i o n  i s  known t o  r e s u l t  i n  t h e  n e a r l y
I
e x c l u s i v e  rem ova l  o f  a c i s -B - h y d ro g e n  a to m ,  i t  o c c a s i o n a l l y  a l l o w s  t h e  
f o r m a t i o n  o f  o n l y  one o l e f i n ,  a p r o d u c t  which  m ig h t  n o t  be p o s s i b l e  t o  
fo rm i n  a  pu re  s t a t e  by t h e  u s e  o f  o t h e r  e l i m i n a t i o n  r e a c t i o n s .
On t h e  b a s i s  o f  t h e  s t e r e o c h e m i s t r y  o f  t h e  r e a c t i o n ,  Hurd and
2
B lu n c k  i n  1938 p r o p o s e d  a c o n c e r t e d  mechanism f o r  t h e  ga s  p ha se  p y r o l y s i s  
o f  e s t e r s  i n v o l v i n g  a c y c l i c ,  s ix -m em bered  t r a n s i t i o n  s t a t e  ( F i g u r e  2) .  
T h i s  r e a c t i o n  pa thway c o u l d  a c c o u n t  f o r  t h e  c i s  s t e r i c  c o u r s e ,  t h e  f i r s t -
/  \
0  H
\
C — 0 
/
A RCOOH
F i g u r e  1 - The rm a l  D e c o m p o s i t io n  o f  E s t e r s
28
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o r d e r  k i n e t i c s  an d  t h e  n e g a t i v e  a c t i v a t i o n  e n t r o p y  o b s e r v e d  f o r  t h e  
p y r o l y s i s  o f  e s t e r s .  However ,  t h i s  p o s t u l a t e  was n o t  deemed e n t i r e l y  
s a t i s f a c t o r y  i n  c e r t a i n  c a s e s  s i n c e  i t  c o u l d  n o t  e x p l a i n  t h e  p o l a r  
e f f e c t s  o f  s u b s t i t u e n t  g r o u p s .
\ /
A 
1 ■its .1-- Cc—
/
c —- o''
/
R
F i g u r e  2 - C y c l i c  T r a n s i t i o n  S t a t e  P r oposed  by Hurd and  B lunck  
f o r  E s t e r  P y r o l y s i s
I n  1960,  DePuy and  King'*' e x t e n s i v e l y  r e v i e w e d  v a r i o u s  i n v e s t i g a t i o n s  
o f  t h e  ga s  p ha se  p y r o l y s i s  o f  t h e  a c e t a t e  e s t e r s  o f  p r i m a r y ,  s e c o n d a r y  
a n d  t e r t i a r y  a l c o h o l s ,  which  i n c l u d e d  k i n e t i c ,  s t e r e o c h e m i c a l  and  p r o d u c t  
d i s t r i b u t i o n  s t u d i e s .  From t h i s  s u r v e y  t h e y  p r o p o s e d  t h a t  t h e  p y r o l y t i c  
e l i m i n a t i o n  r e a c t i o n  p r o c e e d s  v i a  a h i g h l y  c o n c e r t e d ,  c y c l i c  mechanism 
h a v i n g  a s ix -m em bered  a c t i v a t e d  complex i n  which t h e r e  i s  a s m a l l  amount 
o f  c h a r g e  s e p a r a t i o n  and  some d o u b l e  bond c h a r a c t e r  b e tw e e n  t h e  i n c i p i e n t  
o l e f i n i c  c a r b o n  a to m s .  T h i s  t r a n s i t i o n  s t a t e  i s  a b l e  t o  make some u s e  o f  
p o l a r  s u b s t i t u e n t  e f f e c t s .  A c c o r d in g  t o  DePuy an d  K in g ,  t h e s e  e f f e c t s  
a r e  n o t  n e c e s s a r y  f o r  t h e  p y r o l y s i s  t o  p r o c e e d  r e a d i l y  and  t h e y  on ly  
s l i g h t l y  a f f e c t  t h e  r e a c t i o n  r a t e .  I n  a d d i t i o n ,  t h e y  d i s c u s s e d  i n  
d e t a i l  s t a t i s t i c a l ,  s t e r i c  an d  therm odynam ic  e f f e c t s  which  seem t o  be 
t h e  f a c t o r s  of  p r im e  i m p o r t a n c e  i n  d e t e r m i n i n g  t h e  r a t i o s  o f  t h e  o l e f i n i c  
p r o d u c t s  formed from t h e  p y r o l y s i s  o f  a l i p h a t i c  e s t e r s .
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3B a n t h o r p e  i n  1963 p r o p o s e d  a  s p e c t r u m  o f  t r a n s i t i o n  s t a t e s  f o r  
t h e  p y r o l y s i s  o f  a l i p h a t i c  a c e t a t e s  i n v o l v i n g  d i f f e r e n t  d e g r e e s  o f ’ bond-  
b r e a k i n g  and  bond -m ak ing .  The t h r e e  r e p r e s e n t a t i o n s  i n  F i g u r e  3 a r e  
s p e c i a l  c a s e s  t h a t  a p p e a r  t o  be i m p o r t a n t  i n  p r a c t i c e  an d  i n  which 
p a r t i c u l a r  bonds  a r e  b r o k e n .  However ,  a t  t h a t  t i m e ,  B a n t h o r p e  b e l i e v e d  
t h a t  t h e  c o n t r o l l i n g  i n f l u e n c e s  o f  e s t e r  p y r o l y s i s  w e re  n o t  c l e a r  and  
t h a t  more e x t e n s i v e  s t u d i e s  were  n e c e s s a r y .  I n  e f f e c t ,  he  f e l t  t h a t  
t h e  c o n c e r t e d  " h e m o l y t i c 1* mechanism had n o t  b e e n  p r o v e n  t o  be  t h e  e x c l u s i v e  
pa th w ay  f o r  t h e  a c e t a t e  e s t e r  p y r o l y s e s .
\  /  \  /  \  /— c— c — — c ^ = c — — c=— c —
\  \  , / /<r'  \
<f+ H 0 / +  H 0 0
No^cf o =  c
» ~ \  \  \
R R R
E2 -  l i k e  c o n c e r te d  ElcB -  l i k e
" h e t e r o ly t i c "  "hom olytic"  " h e t e r o ly t i c "
F i g u r e  3 - T r a n s i t i o n  S t a t e s  P r o p o s e d  by B a n t h o r p e  f o r  t h e  P y r o l y s i s  
o f  E s t e r s
4I n  1962,  T a y l o r  e t  a l .  f ound  a v a l u e  o f  - 0 . 6 6  f rom a Hammett 
y>-cr+  p l o t  f o r  t h e  p y r o l y s i s  o f  s e v e r a l  1 - a r y l e t h y l  a c e t a t e s .  They 
p o s t u l a t e d  t h a t  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  t h e s e  e s t e r s  o c c u r s  v i a  
a c o n c e r t e d  mechanism i n v o l v i n g  some c h a r g e  s e p a r a t i o n  which  r e s u l t s ,  i n  
t h e  p a r t i a l  f o r m a t i o n  o f  c a rb o n iu m  i o n  c h a r a c t e r  i n  t h e  t r a n s i t i o n
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s t a t e  o f  t h e  r e a c t i o n .  However ,  t h e y  were  i n  d i s a g r e e m e n t  w i t h  DePuy 
an d  K i n g ‘d who,  i n  a d d i t i o n  t o  t h e  ab o v e  f a c t o r ,  p l a c e d  e m p h a s i s  on 
d e v e l o p i n g  d o u b l e  bond c h a r a c t e r  i n  t h e  t r a n s i t i o n  s t a t e  f o r  e s t e r  
p y r o l y s i s .
5
S c h e e r  e t  a l .  i n  1963 c o n d u c t e d  a d e t a i l e d  s t u d y  on t h e  gas
p h a s e  p y r o l y s i s  o f  s e v e r a l  a l k y l  a c e t a t e s  and  i n  T a b l e  I  t h e  a c t i v a t i o n
p a r a m e t e r s  f o r  some o f  t h e s e  e s t e r  d e c o m p o s i t i o n s  a r e  r e p o r t e d .  T h e s e
r e s e a r c h e r s  s t r e s s e d  t h e  i m p o r t a n c e  o f  a l k y l - o x y g e n  bond h e t e r o l y s i s
d u r i n g  d e c o m p o s i t i o n  and  t h e y  s u g g e s t e d  a p y r o l y t i c  mechanism i n v o l v i n g
t h e  r e v e r s i b l e  f o r m a t i o n  o f  a n  i o n  p a i r  i n t e r m e d i a t e  ( F i g u r e  4 ) .  They
c l a i m e d  t h a t  t h i s  mechanism c o u l d  e x p l a i n  t h e  IL -deu te r ium  i s o t o p e  e f f e c t
r e p o r t e d  by De Puy a nd  King'*' f o r  t h e  p y r o l y s i s  o f  a c e t a t e  e s t e r s  
IcH( ~  o f  c a .  2 ) w i t h o u t  t h e  n e c e s s i t y  o f  p o s t u l a t i n g  a n  i n t r a m o l e c u l a r ,  
c o n c e r t e d  mechanism h a v i n g  a  l a r g e  amount  o f  c a r b o n - h y d r o g e n  bond 
c l e a v a g e  i n  t h e  t r a n s i t i o n  s t a t e  o f  t h e  r a t e - d e t e r m i n i n g  s t e p .
RCOOR’ 4_____ *  [RCOd]® [h J ] ®  ----- :— ► RCOOH + OLEFINS
F i g u r e  4 - T e n t a t i v e  Mechanism P ro p o s ed  by S c h e e r  e t  a l .  f o r  t h e  
Gas Phase  P y r o l y s i s  o f  A l k y l  A c e t a t e s
6I n  1965,  M a cc o l l  c o n d u c t e d  a more r e c e n t  r e v i e w  o f  t h e  l i t e r a t u r e  
on t h e  ga s  phase  p y r o l y s i s  o f  e s t e r s  and  he p o s t u l a t e d  t h e  f o l l o w i n g  
f i g u r e  a s  t h e  p r o b a b l e  t r a n s i t i o n  s t a t e  o f  t h e  d e c o m p o s i t i o n  mechanism 
which  was most  i n  a c c o r d  w i t h  t h e  e x p e r i m e n t a l  d a t a  ( F i g u r e  5 ) .
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TABLE I
A c t i v a t i o n  P a r a m e t e r s  f o r  t h e  P y r o l y s i s  o f  S e l e c t e d  A c e t a t e s
sb
A c e t a t e  E exp  as Temp
( k c a l / m o l e )  ( eu )  (°c)
E t h y l  4 6 .5  - 7 . 0  4 8 7 .8
n - P r o p y l  4 6 . 2  - 7 . 6  4 8 6 .4
i s o - P r o p y l  4 5 . 2  - 2 . 9  4 0 8 .5
n - B u t y l  4 4 .5  - 9 . 3  48 1 .5
2 - B u t y l  4 7 .0  + 0 . 6  4 0 4 .7
t e r t - B u t y l  4 2 . 4  + 2 . 6  322 .7
n - P e n t y l  4 4 . 9  - 8 . 7  473 .3
2 - P e n t y l  4 2 .3  - 5 . 9  4 0 9 .3
t e r t -Amyl , 4 3 .1  + 5 . 5  3 0 3 .9
1 - M e t h y l c y c l o h e x y l  4 4 .0  + 6 . 5  3 1 3 .3
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F i g u r e  5 - T r a n s i t i o n  S t a t e  P r oposed  by M a c c o l l  f o r  t h e  Gas 
Phase  P y r o l y s i s  o f  E s t e r s
7
B r i g g s  an d  D j e r a s s i  i n  1968 i n v e s t i g a t e d  t h e  p y r o l y s i s  o f  c i s - 2 -  
m e t h y l c y c l o h e x y l  a c e t a t e  and  found  t h e  o l e f i n i c  p r o d u c t  t o  c o n s i s t  o f  
9 p e r c e n t  1 - m e t h y l c y c l o h e x e n e  and  91 p e r c e n t  3 - m e t h y l c y c l o h e x e n e .
They p u t  f o r t h  t h e  s u g g e s t i o n  t h a t  t h e  o l e f i n ,  1 - m e t h y l c y c l o h e x e n e ^  
r e s u l t i n g  from a n  a p p a r e n t  t r a n s  e l i m i n a t i o n  c o u l d  be a c c o u n t e d  f o r  by 
p o s t u l a t i n g  h e t e r o l y s i s  o f  t h e  a l k y l - o x y g e n  bond y i e l d i n g  an ion pair followed 
by d i r e c t  p r o t o n  l o s s  o r  1 , 2- h y d r i d e  s h i f t  and  s u b s e q u e n t  p r o t o n  l o s s  
f rom  t h e  c a t i o n i c  s p e c i e s  ( F i g u r e  6 ) .
1 , 2 - H
s h i f t CH -CO0H
OOC-CH
I L^H
F i g u r e  6 - P o s s i b l e  Mechanism f o r  t h e  F o r m a t i o n  o f  1 - M e t h y l -  
c y c l o h e x e n e  from t h e  P y r o l y s i s  o f  c j s - 2 - M e t h y l c y c l o h e x y l  A c e t a t e
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8I n  1951,  Z e i s s  o b s e r v e d  t h a t  t h e  h y d ro g en  p h t h a l a t e  e s t e r  o f
2 - p h e n y l - 2 - b u t a n o l  decomposed a t  i t s  m e l t i n g  p o i n t  ( l l l ° ) .  However ,
9 10no p r o d u c t  s t u d y  was made. I n  v i e w  o f  t h i s ,  R u t h e r f o r d  and  c o w o r k e r s  ’ 
i n  1963 a n d  1964 p r e p a r e d  an d  p y r o l y z e d  s e v e r a l  t e r t i a r y  a l k y l  h y d ro g en  
p h t h a l a t e  e s t e r s .  A s t u d y  o f  t h e  d e c o m p o s i t i o n  p r o d u c t s  r e v e a l e d  o n l y  
p h t h a l i c  a c i d  and  o l e f i n s .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t ,  w h e r e a s  p r i m a r y ,  s e c o n d a r y  and  
t e r t i a r y  a l k y l  a c e t a t e s  decompose t o  y i e l d  a c e t i c  a c i d  an d  o l e f i n s ,  
o n l y  t e r t i a r y  a l k y l  h y d r o g e n  p h t h a l a t e s  g e n e r a t e  a l k e n e s  an d  p h t h a l i c  
a c i d  upon p y r o l y s i s .  The h y d r o g e n  p h t h a l a t e  e s t e r s  o f  p r i m a r y  and 
s e c o n d a r y  a l c o h o l s  decompose t h e r m a l l y  t o  y i e l d  p h t h a l i c  a n h y d r i d e  and  
t h e  a l c o h o l  u s e d  t o  p r e p a r e  t h e  e s t e r . ^
The low d e c o m p o s i t i o n  t e m p e r a t u r e s  f o r  t e r t i a r y  a l k y l  h y d ro g en  
p h t h a l a t e s  ( 1 3 5 -1 6 0 ° )  a s  compared t o  t h o s e  f o r  t h e  c o r r e s p o n d i n g  
a c e t a t e s  ( 2 2 0 -4 5 0 ° )  were s u g g e s t i v e  o f  t h e  o p e r a t i o n  o f  d i f f e r e n t  p y r o l y t i c  
mechan isms  f o r  t h e  two s y s t e m s .  Hence ,  R u t h e r f o r d  an d  F u n g ^  i n  1964 
d e c i d e d  t o  i n v e s t i g a t e  i n  d e t a i l  t h e  p r o d u c t s  o f  t h e  p y r o l y s i s  o f  a 
number o f  t h e s e  h y d r o g e n  p h t h a l a t e  e s t e r s .
The o l e f i n i c  p r o d u c t s  o b t a i n e d  from t h e  p y r o l y s i s  o f  t r a n s -
1 . 2 - d i m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  were o f  p a r t i c u l a r  i n t e r e s t  
i n  t h i s  i n v e s t i g a t i o n .  I t  was f o u n d  t h a t  t h e  e x t r e m e  S a y t z e f f  o l e f i n ,
1 . 2 - d i m e t h y l c y c l o h e x e n e , was formed t o  t h e  e x t e n t  o f  19 p e r c e n t  ( F i g u r e  7 ) . ^  
12F r o e m s d o r f  e t  a l ,  r e p o r t e d  t h a t  t h i s  o l e f i n  was n o t  p r o d u c e d  i n  t h e  
h i g h  t e m p e r a t u r e  ( 4 5 0 ° ) ,  g a s  p h a s e  p y r o l y s i s  o f  t r a n s - 1 , 2 - d i m e t h y l -  
c y c l o h e x y l  a c e t a t e .  T h i s  a p p a r e n t  a nom aly  i n d i c a t e d  t h a t  a l k y l  a c e t a t e s
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F i g u r e  7 - O l e f i n i c  P r o d u c t  D i s t r i b u t i o n  f o r  t h e  P y r o l y s i s  o f  
t r a n s - 1 , 2 - D i m e t h y lc y c lo h e x y  1 Hydrogen  P h t h a l a t e
a n d  a l k y l  h y d r o g e n  p h t h a l a t e s  m ig h t  have  d i f f e r e n t  d e c o m p o s i t i o n  
m echan ism s .  As no o l e f i n  i s o m e r i z a t i o n  o c c u r r e d  d u r i n g  p y r o l y s i s  of  
t h e  h y d r o g e n  p h t h a l a t e  e s t e r ,  t h e  f o r m a t i o n  o f  1 , 2- d im e th y l c . y c l o h e x e n e  
s e e m e d  t o  be t h e  r e s u l t  o f  a n  a p p a r e n t  t r a n s  e l i m i n a t i o n .  Hence ,  
R u t h e r f o r d  and  F u n g ^  p o s t u l a t e d  t h e  e x i s t e n c e  o f  c a rb o n iu m  i o n  c h a r ­
a c t e r  i n  t h e  mechanism o f  t h i s  e s t e r  p y r o l y s i s  and  t h a t  t h i s  e l i m i n a t i o n  
i s  k i n e t i c a l l y  c o n t r o l l e d .
13I n  o r d e r  t o  t e s t  t h i s  p r o p o s a l ,  R u t h e r f o r d  a nd  O t t e n b r i t e
i n  1967 p e r f o r m e d  a n  i s o t o p e  s t u d y  on t h e  low t e m p e r a t u r e  p y r o l y s i s
18o f  t r a n s - 1 , 2- d i m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  u s i n g  0 e n r i c h e d
18e s t e r .  The o b s e r v e d  i n c r e a s e  o f  0 i s o t o p e  i n  t h e  a l c o h o l  p o r t i o n  o f
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18t h e  undecomposed e s t e r ,  r e p r e s e n t i n g  a p p r o x i m a t e l y  17 p e r c e n t  0 
e x c h an g e  b e tw e e n  t h e  a l k y l  oxygen  and  c a r b o n y l  oxygen  a t o m s ,  i n d i c a t e d  
r e v e r s i b l e  i o n  p a i r  f o r m a t i o n  ( F i g u r e  8 ) .  T h i s  s u p p o r t e d  t h e  e a r l i e r  
p r o p o s a l  o f  R u t h e r f o r d  an d  F u n g ^  t h a t  i o n i c  c h a r a c t e r  i s  i n v o l v e d  
i n  t h e  mechanism f o r  t h e  d e c o m p o s i t i o n  o f  t r a n s - 1 , 2- d i m e t h y l c y c l o h e x y l  
h y d r o g e n  p h t h a l a t e .  I n  a d d i t i o n ,  i t  was s u g g e s t e d  t h a t  t h i s  p o s t u l a t e  
a l s o  m ig h t  a p p l y  t o  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  o t h e r  t e r t i a r y  a l k y l  
h y d r o g e n  p h t h a l a t e s  which  u n d e rg o  p y r o l y s i s  a t  much lower  t e m p e r a t u r e s  
t h a n  t e r t i a r y  a c e t a t e s .
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F i g u r e  8 - Exchange  o f  0 b e tw e e n  C a r b o n y l  Oxygen and  A l k y l  
Oxygen Atoms i n  t h e  P y r o l y s i s  o f  t r a n s - 1 , 2 - D i m e t h y l c y c l o h e x y l  Hydrogen 
P h t h a l a t e - 180
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t h e r m a l  d e c o m p o s i t i o n  o f  some a l i p h a t i c  a c e t a t e s  ( T a b le  i )  i n d i c a t e d  a
t r e n d ,  whereby  t h e  a c t i v a t i o n  e n e r g y  seems t o  d e c r e a s e  a s  t h e  a c t i v a t i o n
e n t r o p y  i n c r e a s e s  on g o i n g  from p r im a r y  t o  t e r t i a r y  e s t e r s .  I n  v iew
18o f  t h i s  an d  t h e  o l e f i n i c  p r o d u c t  d i s t r i b u t i o n  and  0 i s o t o p e  s t u d i e s
c o n d u c te d  on  t h e  low t e m p e r a t u r e  p y r o l y s i s  o f  t r a n s - 1 , 2 - d i m e t h y l c y c l o h e x y l
14h y d r o g e n  p h t h a l a t e ,  R u t h e r f o r d  an d  W a ss e n a a r  i n  1969 d e c i d e d  t o  i n v e s t i ­
g a t e  t h e  k i n e t i c s  o f  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  b o t h  c i s - a nd  t r a n s - 1 ,2 -  
d i m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  i n  a n  a t t e m p t  t o  e l u c i d a t e  t h e  reac tfon  
mechanism.
The c i s - and  t r a n s - 1 , 2 - d i m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  e s t e r s  
were p y r o l y z e d  i n  t h e  n e a t  an d  t h e  a c t i v a t i o n  p a r a m e t e r s  a r e  g i v e n  i n  T a b l e  I I .  
F i r s t - o r d e r  k i n e t i c s  and  p o s i t i v e  a c t i v a t i o n  e n t r o p i e s  (10+1 and  6+4 eu f o r  
fc^ ie c i s - a nd  t r a n s - e s t e r s ,  r e s p e c t i v e l y )  were  o b s e r v e d  f o r  t h e  c i s - and  t r a n s - 
h y d r o g e n  p h t h a l a t e  p y r o l y s e s .  I n  a d d i t i o n  t h e  o l e f i n i c  p r o d u c t  d i s t r i b u -
\ 14t i o n s  f o r  t h e s e  e s t e r  p y r o l y s e s  were  d e t e r m i n e d  ( T a b le  I I I ) .
I n  v iew o f  t h e s e  d a t a  and  t h e  r e s u l t s  o f  t h e  i s o t o p e  and  p r o d u c t
14d i s t r i b u t i o n  s t u d i e s  f o r  t h e  t r a n s - e s t e r  p y r o l y s i s ,  R u t h e r f o r d  and  Wassenaar 
p r o p o s e d  t h a t  t h e  c i s -  and  t r a n s - 1 , 2 - d i m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e s  
decompose a t  low t e m p e r a t u r e s  i n  a u n i m o l e c u l a r  manner  v i a  a n  i o n  p a i r  
mechan ism.  T h i s  p o s t u l a t e  d i d  n o t  p r e c l u d e  t h e  p o s s i b i l i t y  t h a t  t h e s e  
p y r o l y s e s  m ig h t  o c c u r ,  a t  l e a s t  i n  p a r t ,  by a n  i r r e v e r s i b l e  h e t e r o l y t i c  o r  
homolytic bond cleavage. The difference between the olefinic product distri­
b u t i o n s  f o r  t h e s e  e s t e r  p y r o l y s e s  was e x p l a i n e d  by a n  a n i o n  p r o x i m i t y  
e f f e c t .  Hence ,  f o r  t h e  d e c o m p o s i t i o n  o f  t h e  c i s - and  t r a n s - 1 , 2 - d i m e t h y l -  
c y c l o h e x y l  h y d r o g e n  p h t h a l a t e s ,  t h e  b r e a k a g e  o f  t h e  a l k y l - o x y g e n  bond was 
c o n s i d e r e d  t o  be  t h e  r a t e - c o n t r o l l i n g  s t e p  i n  t h e  r e a c t i o n  mechanism and
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TABLE I I
A c t i v a t i o n  P a r a m e t e r s  f o r  t h e  P y r o l y s i s  o f  c i s -  and  t r a n s -  1 ,  2 - D i m e t h y l -
c y c l o h e x y l  Hydrogen P h t h a l a t e
Compound E ne rg y  o f  
A c t i v a t i o n  
E exp
( k ca 1 /mo l e  ]
A r r h e n i u s
A
( s e c  " i x i c r i s )
E n t r o p y  o f  
A c t i v a t i o n  
■ As^
(eu )
C I S
t r a n s
3 3 .7  ± 0 . 5
3 2 . 7  +  1 .6
3 4 3 .8
47 .51
10 + 1 
6 + 4
TABLE I I I
O l e f i n i c  P r o d u c t  D i s t r i b u t i o n s  f o r  t h e  P y r o l y s i s  o f  c i s -  and  t r a n s -
1 , 2 - D i m e t h y l c y c l o h e x y l  Hydrogen P h t h a l a t e
Compound P r o d u c t  D i s t r i b u t i o n  P e r c e n t
CIS 56 20 24
t r a n s 24 46 30
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t h e  a n i o n  p r o x i m i t y  e f f e c t  an d  o l e f i n  s t a b i l i t y  a p p e a r e d  t o  be  p r o d u c t -  
c o n t r o l l i n g .
I n  t h e  low t e m p e r a t u r e  p y r o l y s i s  o f  c i s -  and  t r a n s - 1 , 2 - d i m e t h y l c y c l o -
h e x y l  h y d r o g e n . p h t h a l a t e , i t  was found  t h a t  t h e  a c t i v a t i o n  e n e r g y  f o r  e a ch
d e c o m p o s i t i o n  was a p p r o x i m a t e l y  10 k c a l / m o l e  lower  t h a n  t h a t  f o r  v a r i o u s
t e r t i a r y  a c e t a t e s  ( T a b l e s  I  and  I I ).  I t  was p r o p o s e d  by R u t h e r f o r d  and  
14W a ss e n a a r  t h a t  g r e a t e r  r e l i e f  o f  s t e r i c  s t r a i n  upon e x p u l s i o n  o f  t h e  
a c i d  p h t h a l a t e  g r o u p  a s  compared t o  t h a t  o f  t h e  a c e t a t e  g ro u p  c o u ld  
r e s u l t  i n  a d e c r e a s e  i n  t h e  e n e r g y  o f  a c t i v a t i o n .  I t  was a l s o  s u g g e s t e d  
t h a t  t h e  f o r m a t i o n  o f  a s t r o n g e r  a c i d  i n  t h e  p y r o l y s i s  o f  a h y d r o g e n  
p h t h a l a t e  e s t e r  c o u l d  r e d u c e  t h e  a c t i v a t i o n  e n e r g y  s i n c e  i t  i s  known t h a t  
e s t e r s  o f  s t r o n g  a c i d s  decompose  f a s t e r  t h a n  t h o s e  o f  w eake r  a c i d s .  I n  
a d d i t i o n ,  t h e y  p o s t u l a t e d  t h a t  o r t h o - c a r b o x y l  p r o t o n  p a r t i c i p a t i o n ,  i n v o l v ­
i n g  t h e  f o r m a t i o n  o f  a h y d r o g e n  bond be tw e en  t h e  a c i d  p r o t o n  an d  t h e  a l k y l  
oxygen  a to m  o f  t h e  e s t e r  g r o u p ,  c o n c e i v a b l y  c o u l d  r e d u c e  t h e  a c t i v a t i o n  
e n e r g y  f o r  t h e  p y r o l y s i s  o f  t h e s e  e s t e r s  s i n c e  i t  wou ld  e nha nce  t h e  l e a v i n g  
g r o u p  a b i l i t y  o f  t h e  h y d ro g en  p h t h a l a t e  g ro u p .  T h i s  p r o p o s e d  p a r t i c i p a t i o n  
i s  p i c t u r e d  i n  F i g u r e  9.
0
F i g u r e  9- P ro p o s ed  o r t h o - C a r b o x y l  P r o t o n  P a r t i c i p a t i o n  i n  t h e  .
P y r o l y s i s  o f  a T e r t i a r y  A l k y l  Hydrogen P h t h a l a t e  E s t e r
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R u t h e r f o r d  and  F u n g ^  n o t i c e d  t h a t  t h e  m e l t i n g  and  d e c o m p o s i t i o n  
t e m p e r a t u r e s  o f  oc-phenyl s u b s t i t u t e d  t e r t i a r y  a l k y l  h y d r o g e n  p h t h a l a t e s  
c o i n c i d e d .  T h i s  s u g g e s t e d  added  s t a b i l i t y  o f  a  ca rb o n iu m  i o n  i n t e r ­
m e d i a t e  i n  t h e  p y r o l y s i s  o f  such  e s t e r s  a s  w e l l  a s  i n c r e a s e d  i n t e r n a l  
s t r a i n  o f  t h e  m o l e c u l e .  These  f a c t o r s  c o u l d  p o s s i b l y  e n a b l e  i o n  p a i r
f o r m a t i o n  t o  o c c u r  a t  even  lower  t e m p e r a t u r e s  t h a n  f o r  n o n a r y l  s u b s t i -
14t u t e d  h y d r o g e n  p h t h a l a t e s .  H ence ,  R u t h e r f o r d  and  W a ss e n a a r  c o n d u c te d
a k i n e t i c  s t u d y  on t h e  p y r o l y s i s  o f  c i s -  and  t r a n s - 1 - p h e n y l - 2 - m e t h y l -
c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  i n  o r d e r  t o  e v a l u a t e ,  i f  p o s s i b l e ,  t h e
e f f e c t  o f  t h e  p h e n y l  g roup .
The c i s - a nd  t r a n s - l - p h e n v l - 2 - m e t h v l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e s
were  p y r o l y z e d  i n  N ,N -d im e th y l fo rm a m id e  (DMF) s i n c e  t h e  m e l t i n g  and
d e c o m p o s i t i o n  p o i n t s  o f  e a c h  e s t e r  c o i n c i d e .  The a c t i v a t i o n  p a r a m e t e r s
d e t e r m i n e d  from t h e  k i n e t i c  s t u d y  o f  t h e s e  e s t e r  p y r o l y s e s  a r e  g i v e n  
14i n  T a b l e  IV.  F i r s t - o r d e r  k i n e t i c s  were o b s e r v e d  f o r  t h e  s o l u t i o n
p y r o l y s i s  o f  t h e  c i s -  and  t r a n s - e s t e r s  and  t h e y  i n d i c a t e d  u n i m o l e c u l a r
d e c o m p o s i t i o n .  A n e g a t i v e  a c t i v a t i o n  e n t r o p y  ( - 1 1  + 4 eu)  was o b s e r v e d
f o r  t h e  t r a n s - e s t e r  p y r o l y s i s  and  i t  was e x p l a i n e d  i n  t e r m s  o f  a s o l v e n t
e f f e c t  s i n c e  t h e  t r a n s - 2 , 6 , 6 - d ^ - h y d r o g e n  p h t h a l a t e  showed no a p p r e c i a b l e
IcHd e u t e r i u m  i s o t o p e  e f f e c t  ( ~  =  1 . 0 2 ) .  The c i s - e s t e r  p y r o l y s i s  d i s p l a y e d
a p o s i t i v e  e n t r o p y  o f  a c t i v a t i o n  ( 7 + 4  eu)  which  s u g g e s t e d  t h a t  i o n i z a -
14t i o n  o c c u r r e d  d u r i n g  d e c o m p o s i t i o n .  R u t h e r f o r d  a nd  W a ss e n a a r  p o s t u ­
l a t e d  a  u n i m o l e c u l a r ,  i o n i c  mechanism f o r  each  e s t e r  p y r o l y s i s .
The d i f f e r e n c e  be tw e en  t h e  p o s i t i v e  and  n e g a t i v e  a c t i v a t i o n  
e n t r o p i e s  f o r  t h e  c i s -  and  t r a n s - h y d r o g e n  p h t h a l a t e  s o l u t i o n  p y r o l y s e s ,
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A c t i v a t i o n  P a r a m e t e r s  f o r  t h e  P y r o l y s i s  o f  c i s -  and  t r a n s - 1 — P h e n y l -  
2 - M e t h y l c y c l o h e x y l  Hydrogen P h t h a l a t e  i n  N ,N-D im ethy l fo rm am ide
Compound Energy  o f  
A c t i v a t i o n  
E exp 
(k c a 1 /mo1e )
A r r h e n i u s
A
( s e c - -*-)
E n t r o p y  o f  
A c t i v a t i o n  
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( eu )
C I S
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2 6 .2  + 1 . 6
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7 ±  4 
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TABLE V
O l e f i n i c  P r o d u c t  D i s t r i b u t i o n s  f o r  t h e  P y r o l y s i s  o f  £ ± a -  and  t r a n s -
l - P h e n y l - 2 - M e t h y l c y c l o h e x y l  Hydrogen  P h t h a l a t e
Compound P r o d u c t  D i s t r i b u t i o n  P e r c e n t
C I S
t r a n s
t r a n s - 
2 , 6 , 6 - d ,
12  . 
8
88
92
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r e s p e c t i v e l y ,  was e x p l a i n e d  i n  t e r m s  o f  s o l v e n t  p a r t i c i p a t i o n .  R u t h e r f o r d  
14an d  W a s s e n a a r  p r o p o s e d  t h a t  t h e  c i s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  
p h t h a l a t e  decomposes  t o  a n  i o n  p a i r  i n t e r m e d i a t e  which  p r o c e e d s  t o  t h e  
f i n a l  p r o d u c t s  t o o  q u i c k l y  t o  a l l o w  s o l v a t i o n  ( F i g u r e  10) and  t h a t  t h e  
t r a n s - 1 - p h e n y l - 2- m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  b r e a k s  down i n t o  
a n  i o n  p a i r  t h a t  becomes s o l v a t e d  b e f o r e  y i e l d i n g  t h e  r e a c t i o n  p r o d u c t s  
( F i g u r e  11 ) .
I n  a d d i t i o n ,  t h e  p r o d u c t  d i s t r i b u t i o n s  f o r  t h e s e  two e s t e r  p y r o l y s e s  
w ere  d e t e r m i n e d  and  were  found  t o  be v e r y  s i m i l a r  w i t h  a  s t r o n g  predom-
/ \ 14i n a n c e  o f  t h e  Hofmann o l e f i n ,  l - p h e n y l - 6 - m e t h y l c y c l o h e x e n e  ( T a b l e  V).
A c o m p a r i s o n  o f  t h e s e  p r o d u c t  d i s t r i b u t i o n s  w i t h  t h o s e  f o r  t h e  c i s - and  
t r a n s - 1 , 2 - d i m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  d e c o m p o s i t i o n s  showed 
t h a t  t h e  p h e n y l  g ro u p  h a s  a  d e f i n i t e  i n f l u e n c e  ( c i s  e f f e c t )  on t h e  
r a t i o  o f  t h e  o l e f i n s  f o rm e d ,  f a v o u r i n g  t h e  Hofmann a l k e n e .  An a n i o n  
e f f e c t  a l s o  was p r o p o s e d  t o  be o p e r a t i v e  i n  t h e s e  e s t e r  p y r o l y s e s ,  
r e s u l t i n g  i n  t h e  p r e f e r e n t i a l  r em ova l  o f  t h o s e  B - h y d r o g e n  a tom s  l e a d i n g  
t o  t h e  Hofmann o l e f i n .
I n  v iew  o f  t h e  k i n e t i c  a n d  p r o d u c t  d i s t r i b u t i o n  d a t a  f o r  t h e  
p y r o l y s i s  o f  c i s -  an d  t r a n s - 1 - p h e n y l - 2- m e t h y l - e y e l o h e x y l  h y d r o g e n  
p h t h a l a t e  i n  DMF, i t  seemed t o  be o f  i n t e r e s t  t o  c o n d u c t  a n  i s o t o p e  
s t u d y  on t h e s e  e s t e r  d e c o m p o s i t i o n s .  T h i s  i n v e s t i g a t i o n  s h o u l d  be 
a b l e  t o  d e m o n s t r a t e  t h e  e x i s t e n c e  o r  n o n e x i s t e n c e  o f  r e v e r s i b l y  formed 
i o n i c  i n t e r m e d i a t e ( s )  d u r i n g  t h e s e  h y d r o g e n  p h t h a l a t e  e s t e r  d e c o m p o s i t i o n s  
a n d  i t  m i g h t  y i e l d  f u r t h e r  i n s i g h t  i n t o  t h e  n a t u r e  o f  t h e s e  s p e c i e s  
i n  s o l u t i o n  p y r o l y s i s .  A l s o ,  i t  was d e c i d e d  t o  p r e p a r e  c i s -  an d  t r a n s - 1 -  
p h e n y l - 2- m e t h y l c y c l o h e x y l  m e t h y l  p h t h a l a t e  and  t o  c o n d u c t  a p r e l i m i n a r y
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k i n e t i c  s t u d y  on t h e  s o l u t i o n  p y r o l y s i s  o f  t h e s e  d i e s t e r s  i n  o r d e r  t o  
i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  o r t h o - c a r b o x y l  p r o t o n  p a r t i c i p a t i o n  
d u r i n g  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  t h e  c o r r e s p o n d i n g  h y d r o g e n  p h t h a l a t e  
e s t e r s  i n  DMF ( F i g u r e  9 ) .
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CHAPTER I I  
RESULTS AND DISCUSSION
S t e r e o c h e m i c a l  E l u c i d a t i o n  o f  t h e  P r o d u c t s  o f  t h e  R e a c t i o n  o f  P he ny l  
Magnesium Bromide w i t h  2 - M e th y lc y c lo h e x a n o n e
I n  o r d e r  t o  c a r r y  o u t  i s o t o p e  exchange  and  g e o m e t r i c a l  i s o m e r i z a ­
t i o n  s t u d i e s  on t h e  p y r o l y s i s  o f  t h e  1 - p h e n y l - 2- m e t h y l c y c l o h e x y l  h y d r o g e n  
p h t h a l a t e  s y s te m  i n  N ,N -d im e thy l fo rm a m ide  (DMF), i t  was n e c e s s a r y  t o  
e l u c i d a t e  t h e  s t e r e o c h e m i s t r y  o f  t h e  two l - p h e n y l - 2- m e t h y l c y c l o h e x a n o l  
i s o m e r s .
P r e v i o u s l y  i n  t h i s  l a b o r a t o r y ,  i t  was shown by h y d r o b o r a t i o n
t h a t  t h e  r e a c t i o n  o f  m e t h y l  magnesium i o d i d e  w i t h  2- m e t h y l c y c l o h e x a n o n e
y i e l d e d  83 p e r c e n t  a nd  17 p e r c e n t  t r a n s ^ and  c i s - 1 , 2 - d i m e t h y l c y c l o h e x a n o l , 
14r e s p e c t i v e l y .  H y d r o b o r a t i o n  o f  p u r i f i e d  1 , 2 - d i m e t h y l c y c l o h e x e n e , 
o b t a i n e d  from t h e  a c i d  d e h y d r a t i o n  o f  a n  i s o m e r i c  m i x t u r e  o f  1 , 2- 
d i m e t h y l c y c l o h e x a n o l , u s i n g  o x i d i z i n g  c o n d i t i o n s  y i e l d e d  a n  a l c o h o l  
w i t h  i n f r a r e d  ( i r )  and  n u c l e a r  m a g n e t i c  r e s o n a n c e  (nmr)  s p e c t r a  and  
ga s  l i q u i d  c h ro m a to g r a p h y  ( g l c )  r e t e n t i o n  t im e  i d e n t i c a l  t o  t h o s e  o f  
t h e  m in o r  p r o d u c t  o b t a i n e d  from t h e  G r i g n a r d  r e a c t i o n .  From t h i s ,  i t  
was deduced  t h a t  t h e  m ino r  p r o d u c t  was c i s - 1 , 2- d i m e t h y l c y c l o h e x a n o l  
an d  t h a t  t h e  m a j o r  p r o d u c t  was t h e  t r a n s - a l c o h o l .  I t  s h o u l d  be n o t e d  
t h a t  i t  would be e x p e c t e d  from C ra m 's  r u l e  o f  ' 1s t e r i c  c o n t r o l  o f  
a s y m m e t r i c  i n d u c t i o n ’ 1^  a s  a p p l i e d  t o  a n  a l i c y c l i c  s y s t e m  t h a t  t h e  
m a j o r  p r o d u c t  f o r  t h i s  G r i g n a r d  r e a c t i o n  would  be t r a j n s - l , 2 - d i m e t h y l ­
c y c l o h e x a n o l  .
From t h i s  r u l e ,  i t  would  seem r e a s o n a b l e  t h a t  t h e  r e a c t i o n  o f
45
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2- m e t h y l c y c l o h e x a n o n e  w i t h  t h e  b u l k i e r  phe n y l  magnesium b rom ide  would
r e s u l t  i n  a n  e ven  s m a l l e r  amount  o f  c i s - a l c o h o l  t h a n  i n  t h e  r e a c t i o n
w i t h  m e t h y l  magnesium i o d i d e .  The fo rm e r  G r i g n a r d  r e a c t i o n  y i e l d e d
two i s o m e r i c  a l c o h o l s  (92  p e r c e n t  an d  8 p e r c e n t ) .  By h y d r o b o r a t i o n  o f
p u r e  l - p h e n y l - 2- m e t h y l c y c l o h e x e n e  u s i n g  o x i d i z i n g  c o n d i t i o n s ,  a n  a l c o h o l
was o b t a i n e d  h a v i n g  s p e c t r a l  an d  p h y s i c a l  p r o p e r t i e s  i d e n t i c a l  t o  t h o s e
o f  t h e  1 - p h e n y l - 2- m e t h y l c y c l o h e x a n o l  i so m e r  formed i n  t h e  min or  amount
from t h e  G r i g n a r d  r e a c t i o n .  S i n c e  t h e  h y d r o b o r a t i o n  r e a c t i o n  r e s u l t s
i n  t h e  o v e r a l l  c i s  a d d i t i o n  o f  t h e  e l e m e n t s  o f  w a t e r  t o  a n  o l e f i n i c
d o u b l e  bond p r o d u c i n g  a n  a l c o h o l ,  i t  i s  c o n c l u d e d  t h a t  t h e  p r o d u c t
fo rm ed  i n  t h e  s m a l l e r  q u a n t i t y  f rom t h e  G r i g n a r d  r e a c t i o n  i s  c i s - 1 -
p h e n y l - 2- m e t h y l c y c l o h e x a n o l  an d  t h a t  t h e  m a j o r  p r o d u c t  i s  t r a n s - 1 -
p h e n y l - 2 - m e t h y l c y c l o h e x a n o l .  T h i s  c o n f i r m s  t h e  p r e d i c t i o n  made e a r l i e r
i n  t h i s  l a b o r a t o r y  f o r  t h e  r e a c t i o n  o f  phe n y l  magnesium b rom ide  w i t h
142 - m e t h y l c y c l o h e x a n o n e ,  whereby  a c c o r d i n g  t o  C r a m 's  r u l e ,  t h e  c i s  
geom et ry  was a s s i g n e d  t o  t h e  a l c o h o l  i s b m e r  formed i n  t h e  s m a l l e r  amount  
a s  t h e  s t e r i c  s t r a i n  i n  t h e  t r a n s i t i o n  s t a t e  l e a d i n g  t o  c i s - l - p h e n y l - 2- 
m e t h y l c y c l o h e x a n o l  seems t o  be g r e a t e r  t h a n  t h a t  i n  t h e  a c t i v a t e d  
complex  p r o c e e d i n g  t o  J t r a n s - l - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l  t F i g u r e  12) .
K i n e t i c  S tu d y  on t h e  P y r o l y s i s  o f  c i s -  and  t r a n s - l - P h e n y l - 2 - m e t h y l c y c l o ­
h e x y l  M e thy l  P h t h a l a t e  i n  N ,N-D im ethy l fo rm am ide
I n  o r d e r  t o  p robe  f o r  t h e  e x i s t e n c e  o f  o r t h o - c a r b o x y l  p r o t o n  
p a r t i c i p a t i o n  ( F i g u r e  9) d u r i n g  t h e  d e c o m p o s i t i o n  o f  t h e  c i s - and  t r a n s -
1-  p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  e s t e r s  i n  DMF, t h e  
c o r r e s p o n d i n g  m e t h y l  p h t h a l a t e  d i e s t e r s  were p r e p a r e d  an d  were  p y r o l y z e d
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
47
5
CH.MgBr
I
C„H,
6 5
c is -p r o d u c t
.OH
■CH
tr a n s-p r o d u c t
F i g u r e  12- T r a n s i t i o n  S t a t e s  f o r  t h e  N u c l e o p h i l i c  A t t a c k  o f  
P he ny l  Magnesium Bromide on 2 - M e th y lc y c lo h e x a n o n e  l e a d i n g  t o  c i s -  and
t r a n s - l - P h e n y l - 2 - m e t h y l c y c l o h ' e x a n o l
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i n  s o l u t i o n .  The r e s u l t s  o f  a p r e l i m i n a r y  k i n e t i c  s t u d y  a r e  g i v e n  
i n  T a b l e  V I .  The k i n e t i c  e x p e r i m e n t s  on t h e  c i s -  and  t r a n s - 1 - p h e n y l -
2- m e t h y l c y c l o h e x y l  m e th y l  p h t h a l a t e  p y r o l y s e s  were  p e r f o r m e d  a t  t h e  
h i g h e s t  t e m p e r a t u r e s  s t u d i e d  f o r  t h e  c o r r e s p o n d i n g  h y d r o g e n  p h t h a l a t e s  
due t o  t h e  s low  d e c o m p o s i t i o n  r a t e s  o f  t h e  d i e s t e r s .
The  f i r s t - o r d e r  k i n e t i c s  o b s e r v e d  f o r  t h e  m e th y l  p h t h a l a t e  
d i e s t e r  p y r o l y s e s  i n d i c a t e  u n i m o l e c u l a r  d e c o m p o s i t i o n .  The c i s - and  
t r a n s - 1 - p h e n y l - 2- m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e s  were  found  to  
decompose  86 an d  118 t i m e s  f a s t e r ,  r e s p e c t i v e l y ,  t h a n  t h e i r  c o r r e s p o n d i n g  
m e t h y l  p h t h a l a t e  d i e s t e r s .  The d i f f e r e n c e  i n  s t e r i c  s t r a i n  b e tw e e n  t h e  
h y d r o g e n  p h t h a l a t e  e s t e r s  an d  t h e  m e t h y l  p h t h a l a t e  d i e s t e r s ,  a s  shown 
by D r e i d i n g  m o d e l s ,  would n o t  seem t o  be a p p r e c i a b l e  enough t o  a c c o u n t  
f o r  t h e  r e l a t i v e  p y r o l y s i s  r a t e s  o b s e r v e d .  A l s o ,  any  i n d u c t i v e  e f f e c t  
o f  t h e  m e t h y l  g ro u p  s h o u ld  be  o f  m in im a l  i n f l u e n c e  i n  d e c r e a s i n g  t h e  
a b i l i t y  o f  t h e  p h t h a l a t e  g r o u p  t o  l e a v e .
I f  o r t h o - c a r b o x y l  p r o t o n  p a r t i c i p a t i o n  i s  i n v o l v e d  i n  t h e  p y r o l y s i s  
o f  c i s -  and  t r a n s - l - p h e n v l - 2- m e t h v l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e ,  
e s p e c i a l l y  i n  t h e  r a t e - d e t e r m i n i n g ' s t e p  o f  ea ch  e s t e r  d e c o m p o s i t i o n ,  one 
m ig h t  e x p e c t  t h e  c o r r e s p o n d i n g  m e th y l  p h t h a l a t e  d i e s t e r s  t o  r e a c t  
s l o w e r  d u e . t o  t h e  l a c k  o f  t h i s  p r o t o n  a s s i s t a n c e  d u r i n g  d e c o m p o s i t i o n .
T h i s  p r e d i c t i o n  i s  i n  a g r e e m e n t  w i t h  t h e  e x p e r i m e n t a l  r e s u l t s  and  
i n d i c a t e s  t h a t  o r t h o - c a r b o x y l  p r o t o n  p a r t i c i p a t i o n  p r o b a b l y  p l a y s  a n  
i m p o r t a n t  r o l e  i n  t h e  p y r o l y s i s  o f  t h e  c i s - a nd  t r a n s - 1- p h e n y l - 2- 
m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  e s t e r s  i n  DMF.
T h i s  p r o t o n  i n v o l v e m e n t  c o u l d  be o f  t h e  fo rm o f  h y d r o g e n  b o n d in g  
be tw e en  t h e  o r t h o - c a r b o x y l  h y d r o g e n  atom i n  t h e  a c i d  p h t h a l a t e  m o i e t y
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TABLE VI
K i n e t i c  S tudy  on t h e  P y r o l y s i s  o f  t h e  Hydrogen and M e thy l  P h t h a l a t e  E s t e r s  o f  c i s . -  and  t r a n s - 1 -
P h e n y l - 2 - m e t h y l c y c l o h e x a n o l  i n  N ,N-D im ethy l fo rm am ide
Compound Temp R a t e  C o n s t a n t  k  R a t e  R a t i o  Number o f  P e r c e n t a g e  C o r r e l a t i o n  
(°C) ( s e c - l x l O + 5 ) kH/kCH„ P o i n t s  C o m p l e t io n  C o e f f i c i e n t
c i s -
hy d r o g e n  
p h t h a l a t e
c i s -
m e t h y l
p h t h a l a t e
t r a n s -  
hy d r o g e n  
p h t h a l a t e
t r a n s - 
m e th y l  
p h t h a l a t e
120 .1  5 6 . 5 7 4 0 . 7 2
120 .1  0 . 6 6 4 0 . 0 2
1 3 5 . l a  7 3 . 1 5 4 0 . 9 2
1 3 5 .2  0 . 6 2 4 0 . 0 2
86
118
29
25
20
23
62
31
63
29
- 0 . 9 9 7 8
- 0 . 9 9 3 0
- 0 . 9 9 8 4
- 0 . 9 9 4 6
a  These  k i n e t i c  d a t a  were  d e t e r m i n e d  by S.  W a s s e n a a r ,  R e f e r e n c e  14.
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o f  t h e  m o l e c u l e  an d  t h e  a l k y l  oxygen a tom o f  t h e  e s t e r  l i n k a g e  ( F i g u r e  9 ) ,  
w h ich  would  t e n d  t o  i n c r e a s e  t h e  l e a v i n g  g roup  a b i l i t y  o f  t h e  h y d r o g e n  
p h t h a l a t e  g ro u p .  T h i s  o r t h o - c a r b o x y l  p r o t o n  p a r t i c i p a t i o n  i s  i n  
a g r e e m e n t  w i t h  t h e  p r o p o s a l  t h a t  t h e  c i s -  and  t r a n s -  h y d r o g e n  p h t h a l a t e  
e s t e r s  decompose i n  a n  i o n i c  m a n n e r . ^
P r o d u c t  D i s t r i b u t i o n  S tu d y  on t h e  P y r o l y s i s  o f  t h e  Hydrogen and  M ethy l
P h t h a l a t e  E s t e r s  o f  c i s -  and  t r a n s - l - P h e n y l - 2 - m e t h y l c y c l o h e x a n o l  i n
N ,N -D im e th y l fo rm am ide
The p r o d u c t  d i s t r i b u t i o n s  f o r  t h e  low t e m p e r a t u r e  s o l u t i o n
p y r o l y s i s  o f  t h e  c i s -  and  t r a n s - 1 - p h e n y l - 2- m e t h y l c y c l o h e x y l  h y d r o g e n  
17p h t h a l a t e  e s t e r s  an d  t h e i r  c o r r e s p o n d i n g  m e th y l  p h t h a l a t e  d i e s t e r s
w ere  d e t e r m i n e d  by g l c  a n a l y s i s  o f  t h e  p y r o l y s a t e  r e s u l t i n g  from
e a c h  k i n e t i c  e x p e r i m e n t  (T a b le  V I I ) .  High t e m p e r a t u r e  p y r o l y s e s  were
c a r r i e d  o u t  by u s i n g  t h e  i n j e c t o r  p o r t  o f  t h e  ga s  c h ro m a to g r a p h  a s
14t h e  d e c o m p o s i t i o n  a p p a r a t u s  and  t h e  p r o d u c t  d i s t r i b u t i o n s  a r e  g i v e n  
i n  T a b l e  V I I .
I f  t h e  p y r o l y s i s  o f  t h e  c i s - and  t r a n s - h y d r o g e n  p h t h a l a t e  
e s t e r s  i n  DMF o c c u r s  v i a  a n  i o n  p a i r  i n t e r m e d i a t e ,  t h e n  t h e  p r o d u c t  
d i s t r i b u t i o n  f o r  e a c h  d e c o m p o s i t i o n ,  on a  s t a t i s t i c a l  b a s i s ,  would 
be e x p e c t e d  t o  be  1 : 2  f o r  1 - p h e n y l - 2- m e t h y l c y c l o h e x e n e  an d  1 - p h e n y l -  
6 - m e t h y l c y c l o h e x e n e , r e s p e c t i v e l y  ( F i g u r e  13) .  As c a n  be s e e n  i n  
T a b l e  V I I ,  t h e r e  i s  a  l a r g e  p r edom inanc e  o f  Hofmann p r o d u c t ,  1 - p h e n y l -  
6 - m e t h y l c y c l  o h e x e n e , f o r  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  t h e  c i s - and  
t r a n s - h y d r o g e n  p h t h a l a t e s  i n  DMF. However ,  t h e  s t a t i s t i c a l  p r o d u c t  
d i s t r i b u t i o n  i s  n o t  o b t a i n e d  f o r  e i t h e r  p y r o l y s i s .
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TABLE V l l
P y r o ly s is  o f  th e  Hydrogen and M ethyl P h th a la te  E s te r s  o f  
c i s -  and tra n s~ l~ P h e n y l-2 -ff le th y lcy c lo h ex a n o I  a t  
D if f e r e n t  Tem neratures
Compound Temp
(°c)
D uration
(min)
P roduct D is tr ib u t io n  
P ercen t
6“5 r " ' V C6H5' C6H
“CH, L A CEL
c i s - 1 1 2 .6 42 11 89
hydrogen 1 2 0 .1 28 10 90
p h th a la te
c i s -
290 c 25 75
m ethyl 1 2 0 .1 961 15 87
p h th a la te 505 c 22 78
t r a n s - 1 2 7 .6 55 10 90
hydrogen 1 5 5 .1 25 10 90
p h th a la te 8-
t r a n s -  
2 , 6 , 6 -d „ — 
hydrogen . 
p h th a la te
290 c 19 81
1 5 5 .1 27 12 88
tr a n s ­
m eth y l 1 5 5 .2 950 8' 92
p h th a la te 505 c 8 92
a These prod u ct d i s t r ib u t io n s  were determ ined  by S . W assenaar, 
R eferen ce s  14 and 17. 
b T h is o l e f i n i c  product r a t io  was determ ined  by S . W assenaar, 
R eferen ce  17.
c The d u ra tio n  o f  p y r o ly s is  i s  n o t known as th e  sam ple was 
in j e c t e d  d ir e c t ly  in t o  th e  gas chrom atograph.
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F i g u r e  13- S t a t i s t i c a l  P r o d u c t  D i s t r i b u t i o n  f o r  t h e  S o l u t i o n
P y r o l y s i s  o f  l - P h e n y l - 2 - m e t h y l c y c l o h e x y l  Hydrogen P h t h a l a t e  v i a  a n  
I o n i c  I n t e r m e d i a t e
As a p a r t  o f  t h i s  p r o d u c t  d i s t r i b u t i o n  s t u d y ,  i t  was d e m o n s t r a t e d  
t h a t  t h e s e  h y d r o g e n  p h t h a l a t e  e s t e r  s o l u t i o n  p y r o l y s e s  a r e  k i n e t i c a l l y  
c o n t r o l l e d ,  t h a t  i s ,  t h e r e  i s  no o l e f i n  i s o m e r i z a t i o n  c a u s e d  by t h e  
p h t h a l i c  a c i d  p r o d u c e d  i n  t h e  t h e r m a l  d e c o m p o s i t i o n .  Hence ,  t h e  
g r e a t e r  t h a n  s t a t i s t i c a l  amount  o f  l - p h e n y l - 6 - m e t h y l c y c l o h e x e n e  may 
be c a u s e d  by a c i s  e f f e c t  ( e c l i p s i n g  f a c t o r )  be tw e en  t h e  p h e n y l  and  
m e t h y l  g r o u p s  a s  t h e  o l e f i n i c  bond o f  l - p h e n y l - 2- m e t h y l c y c l o h e x e n e  
f o r m s ,  which  r e t a r d s  t h e  f o r m a t i o n  o f  t h i s  l a t t e r  a l k e n e  even  though  
i t  i s  more t h e r m o d y n a m i c a l l y  s t a b l e .  A l s o ,  t h e r e  c o u l d  be a n  a n i o n
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e f f e c t  o p era tin g  in  which the an ion  o f  an ion  p a ir  in term ed ia te  
p r e fe r e n t ia l ly  removes the proton lea d in g  to  the Hofmann product, 
l-p h en y l-6 -m eth y lcy c lo h ex en e , ra th er  than th at g iv in g  the S a y tz e ff  
o l e f i n ,  1 -p h en y l- 2 -m eth y lcyc loh exen e, on account o f  the c i s  e f f e c t .
I f  t h e  c i s - an d  t r a n s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  
p h t h a l a t e  p y r o l y s e s  i n  DMF y i e l d  o l e f i n s  f rom a n  i n t e r m e d i a t e  common 
t o  b o t h  e s t e r  d e c o m p o s i t i o n s ,  v e r y  s i m i l a r  p r o d u c t  d i s t r i b u t i o n s  
p o s s i b l y  c o u l d  be o b t a i n e d .  I n  T a b l e  V I I ,  i t  c a n  be s e e n  t h a t  t h e  
p r o d u c t  d i s t r i b u t i o n s  f o r  t h e  s o l u t i o n  p y r o l y s i s  o f  t h e  c i s - an d  t r a n s - 
h y d r o g e n  p h t h a l a t e s  a r e  v i r t u a l l y  i d e n t i c a l ,  which  a g r e e s  w i t h  t h e  
p r o p o s a l  o f  a common i n t e r m e d i a t e  f rom which  o l e f i n s  a r e  formed.
When t h e  p r o d u c t  d i s t r i b u t i o n  v a l u e s  a r e  c o n s i d e r e d  a l o n g  w i t h  
t h e  d a t a  o b t a i n e d  from t h e  k i n e t i c  s t u d y  on t h e  p y r o l y s i s  o f  t h e  c i s - 
an d  t r a n s - h y d ro g e n  p h t h a l a t e s  i n  DMF ( T a b le  I V ) , i t  wou ld  seem t h a t  
t h i s  p r o p o s e d  common i n t e r m e d i a t e  i s  p r o b a b l y  n o t  a n  i n t i m a t e  i o n  p a i r  
which  u s u a l l y  p r e c e d e s  s o l v e n t - s e p a r a t e d  i o n  p a i r  f o r m a t i o n .  T h i s  
would a p p e a r  t o  be r a t i o n a l  s i n c e  t h e  r a t e - d e t e r m i n i n g  s t e p  f o r  t h e  t r a n s -
f  M55 * \h y d r o g e n  p h t h a l a t e  d e c o m p o s i t i o n  ( a s  = -11  eu)  seems t o  be  s o l v e n t -  
s e p a r a t e d  i o n  p a i r  f o r m a t i o n  and  i t  i s  known t h a t  t h e  p r o d u c t - c o n t r o l l i n g  
s t e p  o f  a r e a c t i o n  g e n e r a l l y  does  n o t  p r e c e d e  t h e  r a t e - d e t e r m i n i n g  
s t e p .  T h i s  p o s t u l a t e d  i n t e r m e d i a t e  may be  a s o l v e n t - s e p a r a t e d  i o n  
p a i r .  I f  such  i s  t h e  c a s e ,  t h e n  t h i s  common i o n i c  s p e c i e s  most  l i k e l y  
would be  formed a f t e r  r a t e - d e t e r m i n i n g  p r o d u c t i o n  o f  a n  i n t i m a t e  i o n  
p a i r  f o r  t h e  p y r o l y s i s  o f  t h e  c i s - h y d r o g e n  p h t h a l a t e  ( a s ^  =  7 e u ) .
A l t h o u g h  k i n e t i c a l l y  c o n t r o l l e d  o l e f i n  f o r m a t i o n  d i r e c t l y  f rom a n
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i n t i m a t e  i o n  p a i r  i s  n o t  p r e c l u d e d  f o r  t h e  c i s - e s t e r  p y r o l y s i s ,  i t  
m ig h t  a p p e a r  t o  be  f o r t u i t o u s  t h a t  t h e  r e s u l t i n g  p r o d u c t  d i s t r i b u t i o n  
wou ld  be  e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  formed from a s o l v e n t - s e p a r a t e d  
i o n  p a i r  f o r  t h e  t r a n s - e s t e r  d e c o m p o s i t i o n .
I f  a n  i o n  p a i r  i n t e r m e d i a t e  i s  i n v o l v e d  i n  t h e  p y r o l y s i s  o f  t h e  
c j s -  an d  t r a n s - m e t h y l  p h t h a l a t e  d i e s t e r s  i n  DMF, one  m ig h t  e x p e c t  
a g a i n ,  on  a  p u r e l y  s t a t i s t i c a l  b a s i s ,  t h e  1 : 2  r a t i o  o f  S a y t z e f f  o l e f i n ,  
1 - p h e n y l - 2 - m e t h y l c y c l o h e x e n e , t o  Hofmann a l k e n e ,  l - p h e n y l - 6 - m e t h y l -  
c y c l o h e x e n e ,  f o r  t h e  p r o d u c t  d i s t r i b u t i o n  o f  ea ch  d e c o m p o s i t i o n .  As 
c a n  be s e e n  i n  T a b l e  V I I ,  t h i s  i s  n o t  r e a l i z e d  a l t h o u g h  t h e r e  i s  a 
h i g h  p r edom inanc e  o f  l - p h e n y l - 6 - m e t h y l c y c l o h e x e n e .  T h e s e  p r o d u c t  
d i s t r i b u t i o n s ,  w h ich  were  shown t o  be  k i n e t i c a l l y  c o n t r o l l e d , a r e  v e r y  
s i m i l a r  t o  t h o s e  f o r  t h e  c o r i ' e s p o n d i n g  h y d r o g e n  p h t h a l a t e  p y r o l y s e s  
a n d  i t  seems a g a i n  t h a t  t h e  c i s  ( e c l i p s i n g )  e f f e c t  b e tw e e n  t h e  m e t h y l  
an d  p h e n y l  g r o u p s  i s  o p e r a t i v e .
I n  t h e  s o l u t i o n  p y r o l y s i s  o f  t r a n s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  
h y d r o g e n  p h t h a l a t e  a n d  i t s  c o r r e s p o n d i n g  m e th y l  p h t h a l a t e  d i e s t e r ,  t h e  
o b s e r v a t i o n  t h a t  t h e r e  i s  f o r m a t i o n  o f  l - p h e n y l - 2- m e t h y l c y c l o h e x e n e  i s  
i n d i c a t i v e  o f  a n  a p p a r e n t  t r a n s  e l i m i n a t i o n .  T h i s  i s  s u g g e s t i v e  o f  
t h e  o p e r a t i o n  o f  a n  i o n i c  mechanism i n  t h e s e  e s t e r  d e c o m p o s i t i o n s .
P y r o l y s i s  o f  t h e  c i s -  and  t r a n s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  
14h y d r o g e n  and  m e t h y l  p h t h a l a t e  e s t e r s  a l s o  was c a r r i e d  o u t  a t  h i g h e r  
t e m p e r a t u r e s .  I n  T a b l e  V I I ,  i t  c an  be s e e n  t h a t  t h e r e  s t i l l  e x i s t s  a 
p r e d o m in a n c e  o f  Hofmann o l e f i n ,  l - p h e n y l - 6 - m e t h y l c y c  1 o h e x e n e , i n  t h e  
p r o d u c t  d i s t r i b u t i o n  o f  e a ch  e s t e r  d e c o m p o s i t i o n .  However ,  t h e  amount  
o f  l - p h e n y l - 6 - m e t h y l e y e  l o h e x e n e  i s  r e d u c e d  e x c e p t  i n  t h e  c a s e  o f  t h e
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t r a n s -  m e th y l  p h t h a l a t e  p y r o l y s i s .  T h i s  d e c r e a s e  i n  Hofmann o l e f i n  
may be due t o  f a s t e r  d e c o m p o s i t i o n  w h ich  r e s u l t s  i n  a d i m i n i s h e d  c i s  
( e c l i p s i n g )  e f f e c t  and  i n  l e s s  p r o t o n  s e l e c t i v i t y .
G e o m e t r i c a l  I s o m e r i z a t i o n  and  I s o t o p e  S t u d i e s  on t h e  P y r o l y s i s  o f  c i s -
18and  t r a n s - l - P h e n y l - 2 - m e t h y l c y c l o h e x y l  Hydrogen P h t h a l a t e -  0  i n  N,N-
D im ethy l fo rm am ide
I n  v iew  o f  t h e  k i n e t i c  d a t a  f o r  t h e  p y r o l y s i s  o f  c i s -  a n d  t r a n s -
l - p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  i n  DMF, i t  was d e c i d e d
t o  c o n d u c t  t h e s e  d e c o m p o s i t i o n s  u s i n g  e s t e r s  e n r i c h e d  w i t h  11 .0  a tom 
18p e r c e n t  0 i n  t h e  oxygen  a tom s  o f  t h e  c a r b o x y l  g ro u p  and  o f  t h e  c a r b o ­
n y l  p o r t i o n  o f  t h e  e s t e r  l i n k a g e .  T h e n ,  by means o f  mass  s p e c t r o m e t r y ,
18t h e  0 c o n t e n t  o f  t h e  i n i t i a l l y  u n e n r i c h e d  a l k y l  oxygen  a to m  o f  t h e
18u n p y r o l y z e d  e s t e r  c o u l d  be  d e t e r m i n e d ,  f rom which  a p e r c e n t  0 exchange
v a l u e  c o u l d  be c a l c u l a t e d .  The d a t a  o b t a i n e d  from t h e s e  e x p e r i m e n t s
s h o u l d  be  a b l e  t o  d e m o n s t r a t e  t h e  e x i s t e n c e  o r  n o n e x i s t e n c e  o f  r e v e r s i b l y
formed i o n i c  i n t e r m e d i a t e  ( s )  d u r i n g  t h e  e s t e r  p y r o l y s e s .  I n  a d d i t i o n ,
a d e e p e r  u n d e r s t a n d i n g  o f  t h e  n a t u r e  o f  i o n  p a i r s  i n  s o l u t i o n  p y r o l y s i s
may be r e a l i z e d .
18Each 0 e n r i c h e d  h y d r o g e n  p h t h a l a t e  e s t e r  was p y r o l y z e d  i n  
s o l u t i o n  t o  t h e  e x t e n t  o f  20 p e r c e n t  and  70 p e r c e n t . i n  two s e p a r a t e  
e x p e r i m e n t s  u s i n g  t h e  l o w e s t  t e m p e r a t u r e  f o r  which  a r a t e  c o n s t a n t  o f  
p y r o l y s i s  had  b e e n  d e t e r m i n e d .  The u n p y r o l y z e d  e s t e r  o f  e a c h  decompo­
s i t i o n  was r e c o v e r e d  and  was r e d u c e d  w i t h  l i t h i u m  a luminum  h y d r i d e  t o
l - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l ,  which  was a n a l y z e d  by mass s p e c t r o m e t r y  
18t o '  d e t e r m i n e  t h e  0 c o n t e n t  o f  t h e  a l c o h o l  oxygen a tom . S i n c e  t h e
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h y d r i d e  r e d u c t i o n  doe s  n o t  i n v o l v e  c l e a v a g e  o f  t h e  a l k y l - o x y g e n  b o n d
18o f  t h e  h y d r o g e n  p h t h a l a t e  e s t e r  and  does  n o t  a l t e r  t h e  amoun t  o f  0
18i s o t o p e  o f  t h e  1 - p h e n y l - 2- m e t h y l c y c l o h e x a n o l  oxygen a to m ,  t h e  0
c o n t e n t  o f  t h e  a l k y l  oxygen  atom o f  t h e  u n p y r o l y z e d  e s t e r  e q u a l s
18t h a t  o f  t h e  a l c o h o l  oxygen atom. From t h i s  0 v a l u e ,  t h e  p e r c e n t  
180  e xc hange  be tw e en  t h e  i n i t i a l l y  u n e n r i c h e d  a l k y l  oxygen  a to m  o f
18t h e  e s t e r  l i n k a g e  an d  t h e  0  l a b e l l e d  oxygen a t o m ( s )  c a n  be d e t e r m i n e d
f o r  e a c h  t h e r m a l  d e c o m p o s i t i o n .  S i m i l a r  e x p e r i m e n t a l  p r o c e d u r e s  were
18u s e d  by  G o e r in g  e t  a l .  who d e m o n s t r a t e d  t h e  i n v o l v e m e n t  o f  i o n
p a i r  i n t e r m e d i a t e s  i n  t h e  s o l v o l y s i s  o f  c c - p - a n i s y l e t h y l  and  cc-pheny l-
19e t h y l  p - n i t r o b e n z o a t e s  i n  a q u e o u s  a c e t o n e  and  by Ki.ce an d  c o w o rk e rs  
who showed i o n  p a i r  b e h a v i o u r  i n  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  a r a l k y l  
t h i o c a r b o n a t e s .
B e f o r e  d i s c u s s i n g  t h e  e x p e r i m e n t a l  r e s u l t s ,  i t  s h o u l d  be n o t e d
t h a t  a tw o-oxygen  o r  a f o u r - o x y g e n  e q u i l i b r a t i o n  p r o c e s s  o r  a combina-
18t i o n  o f  them may y i e l d  s c r a m b l i n g  o f  t h e  0 e n r i c h m e n t  i n  t h e  u n d e ­
composed e s t e r  o f  e a c h  p a r t i a l  p y r o l y s i s  e x p e r i m e n t  and  t h i s  i s  shown 
i n  F i g u r e  14.
Gas c h r o m a t o g r a p h i c  a n a l y s i s  o f  t h e  1 - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l
p r o d u c t  o b t a i n e d  by l i t h i u m  a luminum h y d r i d e  r e d u c t i o n  o f  t h e  u nde -
composed h y d ro g en  p h t h a l a t e  e s t e r  r e s u l t i n g  from e a c h  p a r t i a l  p y r o l y s i s
e x p e r i m e n t  a l s o  was c a r r i e d  o u t  i n  o r d e r  t o  p r o b e  f o r  g e o m e t r i c a l
i s o m e r i z a t i o n  a t  t h e  cc-carbon a tom  o f  t h e  c y c l o h e x y l  g ro u p .
18For  20 p e r c e n t  p y r o l y s i s  o f  e a ch  0 l a b e l l e d  h y d r o g e n  p h t h a l a t e  
e s t e r ,  g l c  a n a l y s i s  o f  t h e  l - p h e n y l - 2- m e t h y l c y c l o h e x a n o l  r e s u l t i n g  from
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F i g u r e  14- Two-Oxygen a nd  Four -O xygen  E q u i l i b r a t i o n  P r o c e s s e s  
f o r  R e t u r n  o f  a n  I o n  P a i r  i n  t h e  P y r o l y s i s  o f  ljihe c i  s.- an d  t r a n s - 1 -  
P h e n y l - 2 - m e t h y l - c y c l o h e x y l  Hydrogen P h t h a l a t e -  0 E s t e r s  i n  N,N- 
D im ethy l fo rm am ide
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t h e  r e d u c t i o n  o f  t h e  u n p y r o l y z e d  e s t e r  f o r  each  t h e r m a l  d e c o m p o s i t i o n  
i n d i c a t e d  no i s o m e r i z a t i o n  o f  t h e  s t e r e o c h e m i s t r y  a t  t h e  cc-carbon a tom  
o f  t h e  c y c l o h e x y l  g ro u p  ( T a b le  V I I I ) .  T h i s  l a c k  o f  g e o m e t r i c a l  i s o m e r i ­
z a t i o n  was d e m o n s t r a t e d  by  t h e  o b s e r v a t i o n  t h a t  c i s - 1 - p h e n y l - 2- m e t h y l c y c l o -  
h e x a n o l  was formed e x c l u s i v e l y  by t h e  r e d u c t i o n  o f  t h e  undecomposed
e s t e r  f rom 20 p e r c e n t  p y r o l y s i s  o f  c i s - 1 - p h e n y l - 2- m e t h y l c y c l o h e x y l
18h y d r o g e n  p h t h a l a t e  - 0 i n  DMF. L i k e w i s e ,  o n l y  t r a n s - 1 - p h e n y l - 2 -
m e t h y l c y c l o h e x a n o l  was o b t a i n e d  by t h e  r e d u c t i o n  o f  t h e  undecomposed e s t e r
18r e s u l t i n g  from 20 p e r c e n t  p y r o l y s i s  o f  t h e  0  l a b e l l e d  t r a n s -  h y d r o g e n  
p h t h a l a t e .
18F o r  70 p e r c e n t  p y r o l y s i s  o f  t h e  0 e n r i c h e d  c i s -  and  t r a n s -
h y d r o g e n  p h t h a l a t e s ,  a m i x t u r e  o f  c i s -  and  t r a n s - l - p h e n y l - 2- m e t h y l c y c l o -
h e x a n o l  was o b t a i n e d  from t h e  r e d u c t i o n  o f  t h e  u n p y r o l y z e d  e s t e r  o f  e a ch
t h e r m a l  d e c o m p o s i t i o n  (T a b le  V I I I ) .  The g e o m e t r i c a l  i s o m e r i z a t i o n
a t  t h e  «;~carbon a tom  o f  t h e  c y c l o h e x y l  r i n g  i n  e a c h  p a r t i a l  p y r o l y s i s
m ust  have  o c c u r r e d  d u r i n g  p y r o l y s i s  s i n c e  l i t h i u m  aluminum h y d r i d e
r e d u c t i o n  does  n o t  a f f e c t  t h e  s t e r e o c h e m i s t r y  a t  t h e  cc -a lk y l  c a r b o n
a tom  o f  t h e  e s t e r .  T h i s  was d e m o n s t r a t e d  by r e d u c i n g  t h e  c i s -  an d  t r a n s -
181 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e -  0 e s t e r s  i n d i v i d u a l l y
a n d  by a n a l y z i n g  t h e  r e s u l t i n g  l - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l  ( T a b le  V I I I ) .  
18 'The 0 exchange  p e r c e n t a g e s  f o r  t h e  c i s -  an d  t r a n s - 1 - p h e n y l -
182 - m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e -  0 e s t e r  p y r o l y s e s  i n  DMF, a s  
d e t e r m i n e d  by t h e  mass s p e c t r o m e t r i c  a n a l y s i s  o f  t h e  1 - p h e n y l - 2- m e t h y l ­
c y c l o h e x a n o l  s a m p l e s ,  a r e  g i v e n  i n  T a b l e  IX f o r  b o t h  tw o-o x y g en  and  f o u r -
18oxygen  e q u i l i b r a t i o n  p r o c e s s e s  and  on t h e  b a s i s  o f  t h e  0 c o n t e n t  o f
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TABLE V I 11
G eom etrica l I so m e r iz a t io n  Study on th e  P y r o ly s is  o f
c i s -  and tr a n s - l-P h e n y l-2 -m e th y lc y c lo h e x y l Hydrogen P h th a la te -  
180 in  N ,H -Dim ethylform am ide
Compound Temp D uration  P ercen t P ercen t P ercen t
(°C ; (min) P y r o ly s is  c i s -1 -P h e n y l-  t r a n s -1 -P h e n y l -
2 -m e th y l-  2 -m eth y l­
c y c lo h e x a n o l c y c lo h e x a n o l
0 100 0
c i s -  1 1 2 .6  1 5 .0  20 100 0
e s t e r
1 1 2 .6  8 1 .1  70 9 6 .5  5 .5
-  -  0 0 100 
t r a n s -  1 2 7 .6  8 .8  20 0 100
1 2 7 .6  5 0 .6  70 1 5 .2  8 6 .8
e s t e r
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TABLE IX
18,I s o t o p e  Study  on th e  P y r o l y s i s  o f  c i s -  and t r a n s - l - P h e n y l - 2 - m e t h - y l c y c l o h e x y l  Hydrogen P h t h a l a t e -  0 i n  N,N-
DIme t h y 1formami de
Compound Temp
(°C)
D u r a t io n
( m i n )
P e r c e n ta g e
Decomposi t ion
P e r c e n ta g e
M+2
M
Atom
P e r c e n ta g e
0
1- P h e n y l - 2 -m e thyI - 
c y c lo h e x a n o l  
a n a ly z e d
18P e r c e n t  0 Exchange 
2-Oxygen 4-Oxygen 
E q u i l i b r a t i o n
------------ 0 1 .20  44 0 .2 4 8 c i s - —- - - -
c i s -
bydrogen 112.6 15.0 20
3. 4436 
+0.6815
2. 428 
+0 .642 c i s
4 0 .4
+ 12.0
27.0
± 8 .0
phthalate-
112.6 81.1 70 6.643340.5311
5.383
+0.472 c i s
95 .2
+8 .9
63 .5
+ 5 .9
10.1909 8.450 t r a n s 152.1 • 10 1 .4
+1.1739 ' +0.995 + 1 8 .2  • + 12 . 2
0 1.1771 0 . 220 t r a n s
t r a n s ­
hydrogen
phthalate-
0
127.6 8 .8 20 1.9994 
4p . 2562
■ 1.035 
■40. 250
t r a n s 15.1+4 .6
10 .0
±3-1
127.6 50.6 70 3.4161 2.398 t r a n s 40 .3 26 .9+0 .30  22 +0.285 ± 5 .3 + 3 .5
2.1618
+0.3736
1 .192  
+0.367 c i s
18 .0
+6 . 5
12 .0
■ ± 4 . 4
O '
o
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t h e  c i s -  an d  t r a n s - a l c o h o l s  where  a p p l i c a b l e .  The p r e s e n c e  o f  more t h a n
18t h e  i n i t i a l  s t a r t i n g  a b u n d a n ce  o f  0  i s o t o p e  i s  o b s e r v e d  i n  t h e  oxygen
a to m  o f  e a c h  l - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l  s am p le .  From a n  a n a l y s i s  o f  
18t h e  0 exchange  p e r c e n t a g e s  o b t a i n e d  from t h e  i s o t o p e  e x p e r i m e n t s ,  i t  
would  a p p e a r  t h a t  t h e s e  r e s u l t s  a r e  c o n s i s t e n t  w i t h  t h e  o p e r a t i o n  o f  a n  
i o n i c  mechanism f o r  t h e  p y r o l y s i s  o f  c i s -  and  t r a n s ^ l - p h e n y l - 2 - m e t h y l ­
c y c l o h e x y l  h y d ro g en  p h t h a l a t e  i n  DMF, i n v o l v i n g  r e v e r s i b l y  formed i o n i c  
i n t e r m e d i a t e ( s ) .
F o r  20 p e r c e n t  p y r o l y s i s  o f  c i s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  
18h y d r o g e n  p h t h a l a t e -  0 i n  DMF, no g e o m e t r i c a l  i s o m e r i z a t i o n  was o b s e r v e d
a t  t h e  oc-carbon atom o f  t h e  a l c o h o l  m o i e t y  o f  t h e  undecomposed e s te r  (Table
18V I I l )  and  4 0 . 4  p e r c e n t  0 e xc hange  b a s e d  on t h e  tw o-oxygen  e q u i l i b r a -
18t i o n  p r o c e s s  ( 2 7 . 0  p e r c e n t  0 exchange  by t h e  f o u r - o x y g e n  e q u i l i b r a ­
t i o n  pa thway)  was found  ( T a b le  I X ) .  T h e s e  d a t a  a r e  c o n s i s t e n t  w i t h  t h e  
o p e r a t i o n  o f  a n  i o n i c  mechanism f o r  t h e  s o l u t i o n  p y r o l y s i s  o f  t h e  c i s - 
h y d r o g e n  p h t h a l a t e .  T h i s  i o n i c  p y r o l y t i c  pa thway would  a p p e a r  t o  i n v o l v e  
r e t u r n  from a r e v e r s i b l y  formed i n t i m a t e  i o n  p a i r ,  i n  w h ich  t h e  a n i o n  
and  t h e  c a t i o n  a r e  i n  r e l a t i v e l y  c l o s e  p r o x i m i t y  t o  one a n o t h e r  such
t h a t  n e g l i g i b l e  g e o m e t r i c a l  i s o m e r i z a t i o n  a c c o m p a n ie s  t h e  s c r a m b l i n g  o f  
18 /t h e  0 e n r i c h m e n t  be tw e en  t h e  l a b e l l e d  an d  u n l a b e l l e d  oxygen a to m s .
18The r e s e a r c h  o f  G o e r in g  on t h e  s o l v o l y s i s  o f  c c - p h e n y le t h y l  p - n i t r o b e n z o a t e
i n  a q u e o u s  a c e t o n e  s u p p o r t s  t h i s  p r o p o s e d  i n t i m a t e  i o n  p a i r  c h a r a c t e r
i n  which  he  found  no r a c e m i z a t i o n  a t  t h e  a s y m m e t r i c  c a r b o n  a tom  upon
r e t u r n  o f  t h e  i n t i m a t e  i o n  p a i r  t o  t h e  e s t e r .
18F o r  70 p e r c e n t  p y r o l y s i s  o f  t h e  0 l a b e l l e d  c i s - h y d ro g e n  p h t h a l a t e ,
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a s m a l l  amount  o f  g e o m e t r i c a l  i s o m e r i z a t i o n  a t  t h e  cc-carbon a tom o f  t h e  
c y c l o h e x y l  r i n g  was o b s e r v e d  y i e l d i n g  t r a n s -h y d ro g e n  p h t h a l a t e  ( 3 . 5  
p e r c e n t )  i n  t h e  undecomposed e s t e r .  T h i s  r e s u l t  would  seem t o  be  c o n s i s ­
t e n t  w i t h  a s m a l l  b u t  d e f i n i t e  amount  o f  r e t u r n  t o  t h e  e s t e r  f rom a 
s o l v e n t - s e p a r a t e d  i o n  p a i r ,  i n  w h ic h  t h e  a n i o n  and  t h e  c a t i o n  a r e  
s e p a r a t e d  s u f f i c i e n t l y  t o  a l l o w  i s o m e r i z a t i o n  o f  t h e  s t e r e o c h e m i s t r y  
a t  t h i s  oc- a l k y l  c a r b o n  a tom .
I f  t h i s  i s  t h e  c a s e ,  one  m ig h t  e x p e c t  a l a r g e  i n c o r p o r a t i o n  o f
180  i s o t o p e  i n t o  t h e  a l k y l  oxygen  atom o f  t h e  t r a n s - h y d r o g e n  p h t h a l a t e
i n  t h e  u n p y r o l y z e d  e s t e r  an d  p o s s i b l y  t h e  o p e r a t i o n  o f  a  f o u r - o x y g e n
e q u i l i b r a t i o n  p r o c e s s .  T h i s  would seem r a t i o n a l  s i n c e  t h e  s e p a r a t i o n
o f  t h e  c a t i o n  and  t h e  a n i o n  i n  t h e  p r o p o s e d  s o l v e n t - s e p a r a t e d  i o n  p a i r
s h o u l d  be  a p p r e c i a b l e  enough t o  a l l o w  t h e  p a r t i c i p a t i o n  o f  a l l  f o u r
oxygen a to m s  i n  t h e  mode o f  e x c h an g e .  T h i s  p r e d i c t i o n  i s  r e a l i z e d  i n
t h e  e x p e r i m e n t a l  d a t a  ( T a b le  I X ) .
18The 0 exchange  v a l u e  o f  152 .1  p e r c e n t ,  b a s e d  on t h e  two-
oxygen e q u i l i b r a t i o n  p r o c e s s ,  f o r  t h e  3 . 5  p e r c e n t  t r a n s - h y d ro g e n
p h t h a l a t e  i n  t h e  u n p y r o l y z e d  e s t e r  r e s u l t i n g  from 70 p e r c e n t  p y r o l y s i s  
18o f  t h e  0 l a b e l l e d  c i s - h y d r o g e n  p h t h a l a t e  i s  n o t  v e r y  r e a s o n a b l e  on
t h e  b a s i s  o f  a n  i o n i c  mechanism f o r  d e c o m p o s i t i o n .  The o p e r a t i o n  o f
an  exchange  pa thway h a v i n g  e i t h e r  a fou r -m em bered  o r  a seven-membered
18cyclic transition state, which involves an O enriched oxygen atom
a nd  t h e  oc-carbon a to m  o f  t h e  c y c l o h e x y l  g r o u p ,  would  seem t o  be r e q u i r e d
18d u r i n g  d e c o m p o s i t i o n  t o  o b t a i n  such  a h i g h  p e r c e n t  0 e x c h a n g e .  T h i s
would seem q u i t e  u n l i k e l y  i n  v iew  o f  s t e r i c  an d  e n t r o p y  c o n s i d e r a t i o n s .
18On t h e  b a s i s  o f  t h e  f o u r - o x y g e n  p r o c e s s ,  1 0 1 . A p e r c e n t  0
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e q u i l i b r a t i o n  was o b s e r v e d  f o r  t h e  3 . 5  p e r c e n t  t r a n s - e s t e r  i n  t h e  u n p y r o -
l y z e d  hydrogen,  p h t h a l a t e .  W i t h i n  t h e  l i m i t s  o f  e x p e r i m e n t a l  e r r o r ,  t h i s
18v a l u e  would  seem t o  be c o n s i s t e n t  w i t h  c o m p le te  0  e q u i l i b r a t i o n  by
t h e  f o u r - o x y g e n  p r o c e s s  an d  i s  i n  a g re e m e n t  w i t h  a n  i o n i c  p y r o l y t i c
mechan ism.  Hence ,  i t  would a p p e a r  t h a t  t h i s  m ino r  q u a n t i t y  o f  t r a n s -
h y d r o g e n  p h t h a l a t e  ( 3 . 5  p e r c e n t )  i n  t h e  undecomposed e s t e r  f o r  70 p e r c e n t
IBp y r o l y s i s  o f  c i s - l - p h e n y l - 2- m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  -  0
c o u l d  r e s u l t  f rom a s m a l l  amount  o f  s o l v e n t - s e p a r a t e d  i o n  p a i r  r e t u r n ,
18which  would  a l l o w  0 exchange  t o  o c c u r  v i a  t h e  f o u r - o x y g e n  p r o c e s s .
I t  s h o u l d  be  n o t e d  t h a t  t h i s  t y p e  o f  r e t u r n  a l s o  may be  i n v o l v e d  d u r i n g
1820 p e r c e n t  p y r o l y s i s  o f  t h e  0 l a b e l l e d  c i s -h y d ro g e n  p h t h a l a t e  b u t  i t  i s  
n o t  s u f f i c i e n t  t o  d e t e c t  by g l c  a n a l y s i s .
The c i s - h y d ro g e n  p h t h a l a t e  ( 9 6 . 5  p e r c e n t )  i n  t h e  u n p y r o l y z e d
e s t e r  f rom 70 p e r c e n t  p y r o l y s i s  o f  c i s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l
18 18 hy d r o g e n  p h t h a l a t e  - 0 was found  t o  have  a n  0  i s o t o p e  c o n t e n t
18 *( 5 . 3 8 3  a tom  p e r c e n t  0 )  i n  i t s  a l k y l  oxygen a to m  which  may be t h e
r e s u l t  o f  e i t h e r  a tw o-oxygen  ( 9 5 . 2  p e r c e n t  e xchange )  o r  a  f o u r - o x y g e n
( 6 3 .5  p e r c e n t  e xchange )  e q u i l i b r a t i o n  p r o c e s s  o r  a c o m b i n a t i o n  o f  them
(T a b le  I X ) .  T h i s  l a r g e  amount  o f  c i s - h y d ro g e n  p h t h a l a t e  i n  t h e  u n p y r o -
18l y z e d  e s t e r  and  t h e  0 i s o t o p e  exchange  a s s o c i a t e d  w i t h  i t  a r e  c o n s i s t e n t
w i t h  t h a t  which m igh t  be e x p e c t e d  f o r  r e t u r n  p r i m a r i l y  f rom a n  i n t i m a t e
i o n  p a i r ,  a s  d i s c u s s e d  p r e v i o u s l y .  I t  s h o u ld  be n o t e d  t h a t  some o f  t h e  
180 e xc hange  i n  t h e  undecomposed c i s - e s t e r  f rom 70 p e r c e n t  p y r o l y s i s  o f  
18t h e  0  e n r i c h e d  c i s - h y d r o g e n  p h t h a l a t e  may be d e r i v e d  from t h e  s m a l l  
amount  o f  s o l v e n t - s e p a r a t e d  i o n  p a i r  r e t u r n  t h a t  seems t o  y i e l d  t h e  
3 .5  p e r c e n t  t r a n s - e s t e r  i n  t h e  .undecomposed h y d r o g e n  p h t h a l a t e .
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As d i s c u s s e d  p r e v i o u s l y ,  t h e  a c t i v a t i o n  p a r a m e t e r s  ( T a b l e  IV) 
a n d  t h e  p r o d u c t  d i s t r i b u t i o n  v a l u e s  ( T a b le  V I I ) f o r  t h e  p y r o l y s i s  o f  
c i s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  i n  DMF a r e  c o n s i s t e n t
w i t h  a mechanism i n v o l v i n g  r a t e - d e t e r m i n i n g  f o r m a t i o n  o f  a n  i n t i m a t e
/ ■'t" \i o n  p a i r  (a s = 7  eu)  and  k i n e t i c a l l y  c o n t r o l l e d  o l e f i n  f o r m a t i o n  from
a s o l v e n t - s e p a r a t e d  i o n  p a i r  ( F i g u r e  15 ) .  The g e o m e t r i c a l  i s o m e r i z a -  
18t i o n  an d  0  exchange  d a t a  f o r  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  t h e  c i s - 
h y d r o g e n  p h t h a l a t e  a l s o  seem t o  be i n  a g r e e m e n t  w i t h  t h i s  p r o p o s e d  
mechan ism.  I t  would  a p p e a r  t h a t  b o t h  i n t i m a t e  and  s o l v e n t - s e p a r a t e d  
i o n  p a i r s  a r e  r e v e r s i b l y  formed w i t h  t h e  l a t t e r  i o n i c  i n t e r m e d i a t e  
c o n t r i b u t i n g  v e r y  l i t t l e  t o  t h e  i o n  p a i r  r e t u r n  p r o c e s s .
R X i ~ ±  R® X® — R®| | X®------► OLEFINS +  PHTHALIC ACID
i n t i m a t e  s o l v e n t - s e p a r a t e d
i o n  p a i r  i o n  p a i r
and >C6H5 X-
COOH
C00-
c i s t r a n s
F i g u r e  15- P ro p o s ed  Scheme f o r  t h e  P y r o l y s i s  o f  c i s -  an d  t r a n s - 
l - P h e n y l - 2 - m e t h v l c y c l o h e x v l  Hydrogen P h t h a l a t e  i n  N ,N -D im ethy l fo rm am ide
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
65
F o r  20 p e r c e n t  p y r o l y s i s  o f  t r a n s - l - p h e n y l - 2 - m e t h y l c y c l o h e x y l  
18h y d r o g e n  p h t h a l a t e  -  0 i n  DMF, no d e t e c t a b l e  amount  o f  s t e r e o c h e m i c a l
i s o m e r i z a t i o n  was found  a t  t h e  o c - a l k y l  c a r b o n  a to m  o f  t h e  c y c l o h e x y l
r i n g  i n  t h e  u n p y r o l y z e d  e s t e r  ( T a b le  V I I I ) .  As c a n  be s e e n  i n  T a b l e  I X ,
1815-1  p e r c e n t  0 exchange  was d e t e c t e d  i n  t h e  u n p y r o l y z e d  t r a n s - h y d r o g e n
p h t h a l a t e  b a s e d  on t h e  tw o-o x y g en  e q u i l i b r a t i o n  p r o c e s s  ( 10 .0  p e r c e n t  
180 e x c h a n g e  by t h e  f o u r - o x y g e n  e q u i l i b r a t i o n  p a t h ) .  T h e s e  d a t a  a r e
c o n s i s t e n t  w i t h  d e c o m p o s i t i o n  o f  t h e  t r a n s - h y d r o g e n  p h t h a l a t e  i n  s o l u -
t i o n  v i a  a n  i o n i c  mechanism i n v o l v i n g  r e t u r n  t o  t h e  n e u t r a l  e s t e r  f rom
a r e v e r s i b l y  formed i n t i m a t e  i o n  p a i r ,  i n  which t h e  a t t r a c t i v e  f o r c e s
a r e  s t r o n g  enough t o  p r e s e r v e  t h e  s t e r e o c h e m i s t r y  a t  t h e  cc - a l k y l
c a r b o n  a tom .  T h i s  i n t i m a t e  i o n  p a i r  i n t e r m e d i a t e  p r o b a b l y  would  p r e c e d e
s o l v e n t - s e p a r a t e d  i o n  p a i r  f o r m a t i o n ,  which seems t o  be r a t e - c o n t r o l l i n g
f o r  t h e  s o l u t i o n  p y r o l y s i s  o f  t h e  t r a n s - h y d r o g e n  p h t h a l a t e  ( as^  =  - l i e u ) .
18F o r  70 p e r c e n t  p y r o l y s i s  o f  t h e  0 e n r i c h e d  t r a n s - h y d r o g e n  
p h t h a l a t e  i n  s o l u t i o n ,  t h e r e  was a s l i g h t  amount  o f  g e o m e t r i c a l  i s o m e r i z a ­
t i o n  a t  t h e  o c - a l k y l  c a r b o n  a to m  o f  t h e  c y c l o h e x y l  g r o u p ,  y i e l d i n g  1 3 .2  
p e r c e n t  c i s - h y d ro g e n  p h t h a l a t e  i n  t h e  u n p y r o l y z e d  e s t e r .  T h i s  o b s e r v e d  
i s o m e r i z a t i o n  i s  i n  a g r e e m e n t  w i t h  t h a t  e x p e c t e d  f o r  a s m a l l  amount  o f  
r e t u r n  f rom a r e v e r s i b l y  formed s o l v e n t - s e p a r a t e d  i o n  p a i r  i n  which
t h e  i n t e r i o n i c  f o r c e s  a r e  t o o  weak t o  p r e s e r v e  t h e  s t e r e o c h e m i s t r y  a t
18t h i s  c c -a lky l  c a r b o n  a tom .  The 0 i s o t o p e  e x c h an g e  a s s o c i a t e d  w i t h  
t h i s  s m a l l  amount o f  c i s - h y d r o g e n  p h t h a l a t e  c o u l d  have  r e s u l t e d  from 
e i t h e r  a tw o-oxygen  ( 1 8 . 0  p e r c e n t  e xc hange )  o r  a f o u r - o x y g e n  ( 12 .0  
p e r c e n t  e x c h an g e )  e q u i l i b r a t i o n  pa thway o r  a c o m b i n a t i o n  o f  them.
However ,  t h e  s e p a r a t i o n  b e tw e e n  t h e  c a t i o n  an d  t h e  a n i o n  o f  a s o l v e n t  -
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s e p a r a t e d  i o n  p a i r  would  seem t o  be  more s u i t a b l e  f o r  s c r a m b l i n g  o f  t h e  
180  e n r i c h m e n t  by t h e  f o u r - o x y g e n  e q u i l i b r a t i o n  p r o c e s s  d u r i n g  r e t u r n
o f  t h i s  i o n i c  i n t e r m e d i a t e  t o  t h e  n e u t r a l  e s t e r .  I t  s h o u l d  be n o t e d  t h a t  
18t h e  p r e c e d i n g  0 exchange  v a l u e s  seem t o  be lower  t h a n  t h o s e  e x p e c t e d
f o r  r e t u r n  from a s o l v e n t - s e p a r a t e d  i o n  p a i r .  One p o s s i b l e  e x p l a n a t i o n
f o r  t h i s  anomaly  i n v o l v e s  t h e  n u c l e o p h i l i c  a t t a c k  o f  a s m a l l  amount  o f
w a t e r  on a n  i o n  p a i r  i n t e r m e d i a t e ,  y i e l d i n g  c i s - l - p h e n y l - 2- m e t h y l c y c l o -
18h e x a n o l  w i t h  v i r t u a l l y  no 0 e n r i c h m e n t .  T h i s  would  r e d u c e  t h e  a c t u a l  
180 c o n t e n t  o f  t h e  c i s - a l c o h o l  o b t a i n e d  from t h e  r e d u c t i o n  o f  t h e  c i s -
h y d r o g e n  p h t h a l a t e  i n  t h e  u n p y r o l y z e d  e s t e r ,  t h e r e b y  h a v i n g  a n  a d v e r s e
18e f f e c t  on t h e  p e r c e n t  0 e x c h a n g e .  T h i s  p o s t u l a t e  was t e s t e d  e x p e r i m e n ­
t a l l y .  Gas c h r o m a t o g r a p h i c  a n a l y s i s  o f  t h e  p y r o l y s a t e  r e s u l t i n g  from 
70 p e r c e n t  d e c o m p o s i t i o n  o f  t h e  t r a n s - h y d r o g e n  p h t h a l a t e  i n  DMF 
i n d i c a t e d  a s m a l l  amount  o f  c i s - a l c o h o l .  However ,  f u r t h e r  r e s e a r c h  
wou ld  seem t o  be n e c e s s a r y  t o  c o m p l e t e l y  r e s o l v e  t h i s  d i s c r e p a n c y .
The t r a n s - h y d ro g e n  p h t h a l a t e  ( 8 6 . 8  p e r c e n t )  i n  t h e  u n p y r o l y z e d
e s t e r  r e s u l t i n g  from 70 p e r c e n t  p y r o l y s i s  o f  t r a n s - l - p h e n y l - 2 - m e t h y l c y c l o -
18h e x y l  h y d r o g e n  p h t h a l a t e  -  0 was found  t o  have  a n  i s o t o p e  c o n t e n t  o f
182 .3 98  a tom  p e r c e n t  0 i n  i t s  a l k y l  oxygen a to m  which  c o u l d  have
r e s u l t e d  from a tw o-oxygen  ( 4 0 . 3  p e r c e n t  e x c h an g e )  o r  a f o u r - o x y g e n
( 2 6 . 9  p e r c e n t  e xc hange )  e q u i l i b r a t i o n  p r o c e s s  o r  a c o m b i n a t i o n  o f  t h e s e
p a th w a y s .  T h i s  l a r g e  amount  o f  t r a n s - h y d r o g e n  p h t h a l a t e  i n  t h e  undecom-
18posed  e s t e r  and  t h e  0 e xc hange  a s s o c i a t e d  w i t h  i t  c o u l d  be  e x p l a i n e d
p r i m a r i l y  by r e t u r n  from a r e v e r s i b l y  formed i n t i m a t e  i o n  p a i r .  Some 
18o f  t h e  0 exc hange  a s s o c i a t e d  w i t h  t h i s  t r a n s - e s t e r  may be  t h e  r e s u l t
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o f  a s m a l l  amount  o f  s o l v e n t - s e p a r a t e d  i o n  p a i r  r e t u r n  w h ic h  seems t o  
a c c o u n t  f o r  t h e  1 3 . 2  p e r c e n t  c i s - h y d r o g e n  p h t h a l a t e  i n  t h e  u n p y r o l y z e d  
e s t e r .
T h e s e  i s o t o p e  exchange  a nd  g e o m e t r i c a l  i s o m e r i z a t i o n  v a l u e s  f o r  
t h e  p y r o l y s i s  o f  t r a n s - 1- p h e n y l - 2- m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  
i n  DMF a l o n g  w i t h  t h e  p r e v i o u s l y  d i s c u s s e d  k i n e t i c  an d  p r o d u c t  d i s t r i ­
b u t i o n  d a t a  a r e  c o n s i s t e n t  w i t h  t h e  o p e r a t i o n  o f  a n  i o n i c  mechanism 
i n v o l v i n g  r e v e r s i b l y  formed i n t i m a t e  and  s o l v e n t - s e p a r a t e d  i o n  p a i r s  
( F i g u r e  15) .  T h i s  l a t t e r  i o n i c  i n t e r m e d i a t e  seems t o  p a r t i c i p a t e  o n l y  
s l i g h t l y  i n  t h e  i o n  p a i r  r e t u r n  p r o c e s s .  The r a t e - c o n t r o l l i n g  s t e p  
seems t o  be  s o l v e n t - s e p a r a t e d  i o n  p a i r  f o r m a t i o n  ( a s  =  -11  eu)  and  
t h e  d e c o m p o s i t i o n  p r o d u c t s  a p p e a r  t o  be formed i n  a k i n e t i c a l l y
c o n t r o l l e d  manner  f rom a s o l v e n t - s e p a r a t e d  i o n i c  i n t e r m e d i a t e .
18E x a m i n a t i o n  o f  t h e  0 e xc hange  d a t a  f o r  t h e  20 p e r c e n t  and  70
p e r c e n t  p a r t i a l  p y r o l y s e s  o f  c i s - and  t r a n s - 1 - p h e n y l - 2- m e t h y l c y c l o h e x y l
18h y d r o g e n  p h t h a l a t e  - 0 i n  DMF r e v e a l s  a  g r e a t e r  amount  o f  i s o t o p e
e q u i l i b r a t i o n  f o r  t h e  c i s - e s t e r  d e c o m p o s i t i o n s  t h a n  f o r  t h e  c o r r e s p o n d i n g
t r a n s - e s t e r  p y r o l y s e s .  T h i s  may be c a u s e d  by t h e  r e p e t i t i o n  o f  a
mechanism i n v o l v i n g  i o n i z a t i o n  t o  a n  i o n  p a i r  f o l l o w e d  by r e t u r n  t o  t h e
18n e u t r a l  e s t e r  w i t h  t h e  p e r c e n t  0 exchange  i n c r e a s i n g  w i t h  t h e  number
o f  t i m e s  t h a t  t h i s  p r o c e s s  i s  r e p e a t e d .  A l t e r n a t i v e l y ,  i t  may be due
t o  t h e  l o o s e n e s s  ( c h a r g e  s e p a r a t i o n )  o f  a n  i o n  p a i r  w i t h  t h e  g r e a t e r
t h e  c h a r g e  s e p a r a t i o n  b e tw e en  t h e  a n i o n  and  t h e  c a t i o n  o f  t h i s  i o n i c
18a g g r e g a t e  t h e  more r a n d o m i z a t i o n  o f  t h e  0 e n r i c h m e n t  upon r e t u r n  t o
18
t h e  e s t e r  t h u s  y i e l d i n g  a l a r g e r  p e r c e n t  0 e x c h a n g e .  I t  may be t h e  
r e s u l t  o f  t h e  i o n i c  c h a r a c t e r  ( c h a r g e  d e v e lo p m en t )  o f  a n  i o n  p a i r  w i t h
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t h e  g r e a t e r  t h e  c h a r g e  d e v e lopm en t  t h e  more 0 e xc hange  upon r e t u r n  t o  
t h e  e s t e r .
18F o r  t h e  c i s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  - 0
18t h e r m a l  d e c o m p o s i t i o n s ,  0  e xc hange  was o b s e r v e d  i n  t h e  u n p y r o l y z e d  
e s t e r  ( T a b l e  I X ) .  T h e r e  was o n l y  a sm a l l ,  amount  o f  g e o m e t r i c a l  i s o m e r i z a ­
t i o n  d e t e c t e d  a t  t h e  cc -a lky l  c a r b o n  a to m  o f  t h e  undecomposed e s t e r  f o r
1870 p e r c e n t  p y r o l y s i s  o f  t h e  0 l a b e l l e d  c i s - h y d r o g e n  p h t h a l a t e  ( T a b le
V I I I ) a n d  t h i s  i s  c o n s i s t e n t  w i t h  t h a t  e x p e c t e d  f o r  o n l y  a s m a l l  amount
o f  i n v o l v e m e n t  o f  a s o l v e n t - s e p a r a t e d  i o n  p a i r  i n  t h e  r e t u r n  p r o c e s s .
18Hence ,  i t  a p p e a r s  t h a t  t h e  m a j o r i t y  o f  0 exchange  i n  t h e  u n p y r o l y z e d  
e s t e r  o f  t h e s e  p a r t i a l  d e c o m p o s i t i o n s  i s  a r e s u l t  o f  r e t u r n  from a n  
i n t i m a t e  i o n  p a i r  w h ich  h a s  r e l a t i v e l y  s t r o n g  i n t e r i o n i c  f o r c e s .  L i k e ­
w i s e ,  r e t u r n  f rom a n  i n t i m a t e  i o n  p a i r  seems t o  be t h e  s o u r c e  o f  t h e
m a j o r i t y  o f  t h e  i s o t o p e  exchange  o b s e r v e d  i n  t h e  undecomposed e s t e r
18o f  t h e  t r a n s - 1 - p h e n y l -  2- m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  - 0
p y r o l y s e s .
F o r  t h e  s o l u t i o n  p y r o l y s i s  o f  t h e  c i s - h y d r o g e n  p h t h a l a t e ,  t h e r e  
i s  p r o b a b l y  a g r e a t e r  t e n d e n c y  f o r  f o r m a t i o n  o f  a s o l v e n t - s e p a r a t e d  
i o n  p a i r  f rom a n  i n t i m a t e  i o n  p a i r ,  which  i s  fo rmed i n  t h e  r a t e - d e t e r m i n i n g  
s t e p  U s *  = 7 e u ) , t h a n  f o r  i n t e r n a l  r e t u r n  t o  t h e  e s t e r .  Whereas  f o r  
t h e  t h e r m a l  d e c o m p o s i t i o n  o f  t h e  t r a n s - h y d ro g e n  p h t h a l a t e  i n  DMF, t h e r e  
may be a l a r g e  amount  o f  r e p e t i t i o n  o f  t h e  i o n i z a t i o n - r e t u r n  p r o c e s s  a s  
a r e s u l t  o f  t h e  g r e a t e r  p r e f e r e n c e  o f  a n  i n t i m a t e  i o n  p a i r  t o  r e t u r n  t o  
t h e  e s t e r  t h a n  t o  fo rm  a  s o l v e n t - s e p a r a t e d  i o n  p a i r  v i a  t h e  r a t e -  
d e t e r m i n i n g  s t e p  (as = -11 e u ) .  The f a c t  t h a t  t h e  0 exchange  p e r ­
c e n t a g e s  f o r  t h e  c i s - e s t e r  d e c o m p o s i t i o n s  a r e  l a r g e r  t h a n  t h o s e  f o r  t h e
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t r a n s - e s t e r  p y r o l y s e s  s u g g e s t s  t h a t  t h e  amount  o f  c h a r g e  de ve lopm en t  
a n d / o r  t h e  d e g r e e  o f  l o o s e n e s s  o f  a n  i n t i m a t e  i o n  p a i r  h a s  a  g r e a t e r  
i n f l u e n c e  on t h e  m a g n i tu d e  o f  i s o t o p e  exchange  t h a n  does  t h e  r e p e t i t i o n  
o f  t h e  i o n i z a t i o n - r e t u r n  p r o c e s s .  Hence ,  i t  would  seem t h a t  t h e  p r o p o s e d  
i n t i m a t e  i o n  p a i r  i n  t h e  p y r o l y s i s  o f  t h e  c i s - h y d r o g e n  p h t h a l a t e  i n  
DMF i s  l o o s e r  a n d / o r  more i o n i c  i n  c h a r a c t e r  t h a n  t h e  c o r r e s p o n d i n g  
i o n i c  i n t e r m e d i a t e  i n  t h e  p y r o l y s i s  o f  t h e  t r a n s - e s t e r  i n  DMF.
r e a c t i o n s  o v e r  a p e r i o d  o f  y e a r s .  From k i n e t i c ,  s t e r e o c h e m i c a l  and  
r e a r r a n g e m e n t  s t u d i e s  a l o n g  w i t h  common i o n  and  s p e c i a l  s a l t  e f f e c t s ,  
t h e y  p r o p o s e d  t h e  f o l l o w i n g  scheme i n v o l v i n g  i n t i m a t e  and  s o l v e n t -
F i g u r e  16- Mechanism P ro p o s ed  by W i n s t e i n  f o r  U n i m o le c u la r  
S o l v o l y s e s
F o r  u n i m o l e c u l a r  p y r o l y t i c  r e a c t i o n s  i n  s o l u t i o n ,  t h e  f o l l o w i n g  
g e n e r a l  scheme i s  p r o p o s e d  which  i n v o l v e s  f o u r  p o s s i b l e  pa th w ays  f o r  
d e c o m p o s i t i o n  ( F i g u r e  17) .
Summary and  C o n c l u s i o n s  
20 21W i n s t e i n  and  c o w o r k e rs  ’ i n v e s t i g a t e d  u n i m o l e c u l a r  s o l v o l y t i c
s e p a r a t e d  i o n  p a i r s  and  d i s s o c i a t e d  i o n s  ( F i g u r e  1 6 ) .
PRODUCTS
i n t i m a t e  s o l v e n t -  d i s s o c i a t e d  
i o n  p a i r  s e p a r a t e d  i o n s  
i o n  p a i r
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i n t i m a t e  s o l v e n t -
i o n  p a i r  s e p a r a t e d
i o n  p a i r  
B
F i g u r e  17-  P r o p o s e d  G e n e r a l  Scheme f o r  S o l u t i o n  P y r o l y s e s  
K i n e t i c ,  i s o t o p e  e x c h a n g e ,  s t e r e o c h e m i c a l  and  p r o d u c t  d i s t r i b u t i o n  
s t u d i e s  were  c o n d u c t e d  on t h e  p y r o l y s i s  o f  c i s -  and  t r a n s - 1 - p h e n y l - 2- 
m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  i n  DMF. I n  v i e w  o f  F i g u r e  17,  t h e  
d a t a  o b t a i n e d  from t h e s e  i n v e s t i g a t i o n s  s h o u ld  be a b l e  t o  e l u c i d a t e  
t h e  p a r t i c u l a r  p a th w a y ( s )  i n v o l v e d  i n  t h e s e  e s t e r  d e c o m p o s i t i o n s .
P y r o l y s i s  o f  t h e  c i s - e s t e r  i n  s o l u t i o n  i s  f i r s t - o r d e r  which i s  
i n d i c a t i v e  o f  u n i m o l e c u l a r  d e c o m p o s i t i o n .  The e n t r o p y  o f  a c t i v a t i o n  
f o r  p y r o l y s i s  (7  eu)  i s  c o n s i s t e n t  w i t h  r a t e - d e t e r m i n i n g  f o r m a t i o n  o f  
a n  i n t i m a t e  i o n  p a i r .  T h i s  h y d r o g e n  p h t h a l a t e  e s t e r  would  a p p e a r  t o  
decompose by p a t h  A a n d / o r  B_. The i n v o l v e m e n t  o f  p a t h s  C_ and  13 seems 
t o  be s m a l l  a s  t h e s e  r o u t e s  would d i s p l a y  a n e g a t i v e  a c t i v a t i o n  e n t r o p y .
The r a t i o  o f  t h e  r a t e  c o n s t a n t s  f o r  t h e  c i s - h y d r o g e n  p h t h a l a t e  and  
m e t h y l  p h t h a l a t e  s o l u t i o n  p y r o l y s e s  ( 8 6 ) a g r e e s  w i t h  t h a t  e x p e c t e d  f o r  
o r t h o - c a r b o x y l  p r o t o n  p a r t i c i p a t i o n  ( F i g u r e  9) i n  t h e  r a t e - d e t e r m i n i n g  
s t e p  o f  t h e  h y d ro g en  p h t h a l a t e  d e c o m p o s i t i o n  and.  i s  i n  k e e p i n g  w i t h  
a n  i o n i c  mechanism.
The p r o d u c t  d i s t r i b u t i o n  d a t a  f o r  t h e  c i s -  and  t r a n s - h y d ro g e n  
p h t h a l a t e  s o l u t i o n  d e c o m p o s i t i o n s  ( T a b le  V I I ) a r e  v e r y  s i m i l a r  and t h e y  
show a s t r o n g  p redom inanc e  o f  Hofmann o l e f i n  (90 p e r c e n t ) ,  l - p h e n y l - 6 - 
m e t h y l c y c l o h e x e n e , a s  compared t o  S a y t z e f f  a l k e n e  (10 p e r c e n t ) ,  1 - p h e n y l -
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2 - m e t h y l c y c l o h e x e n e .  I t  i s  d i f f i c u l t  t o  p l a c e  a d e f i n i t e  i n t e r ­
p r e t a t i o n  on t h e s e  d a t a  w i t h  r e s p e c t  t o  t h e  mechanism o f  p y r o l y s i s  o f  
t h e  c i s -  an d  t r a n s - h y d r o g e n  p h t h a l a t e s  i n  DMF. However ,  t h e  n e a r l y  
i d e n t i c a l  p r o d u c t  d i s t r i b u t i o n s  a r e  i n  a g r e e m e n t  w i t h  t h a t  which  m igh t  
be e x p e c t e d  f o r  k i n e t i c a l l y  c o n t r o l l e d  o l e f i n  f o r m a t i o n  f rom a n  i n t e r m e ­
d i a t e  common t o  b o t h  e s t e r  p y r o l y s e s  i n v o l v i n g  a c i s  ( e c l i p s i n g )  e f f e c t  
t h a t  p l a y s  a n  i m p o r t a n t  r o l e  i n  a l k e n e  f o r m a t i o n .
When t h e  p r o d u c t  d i s t r i b u t i o n  d a t a  f o r  t h e  t r a n s - e s t e r  s o l u t i o n  
p y r o l y s i s  a r e  c o n s i d e r e d  i n  c o n j u n c t i o n  w i t h  t h e  e n t r o p y  o f  a c t i v a t i o n  
f o r  d e c o m p o s i t i o n  ( -1 1  e u ) , i t  would  a p p e a r  t h a t  t h e  o l e f i n s  p o s s i b l y  
a r e  formed from a s o l v e n t - s e p a r a t e d  i o n  p a i r .  I f  t h i s  i o n i c  i n t e r ­
m e d i a t e  a l s o  i s  i n v o l v e d  i n  o l e f i n  f o r m a t i o n  f o r  t h e  s o l u t i o n  p y r o l y s i s  
o f  t h e  c i s - e s t e r , t h e n  i t  most  l i k e l y  i s  formed a f t e r  r a t e - d e t e r m i n i n g  
f o r m a t i o n  o f  a n  i n t i m a t e  i o n  p a i r .  I n  t h e  c a s e  o f  t h e  c i s - e s t e r  decom­
p o s i t i o n ,  k i n e t i c a l l y  c o n t r o l l e d  o l e f i n  f o r m a t i o n  f rom a n  i n t i m a t e  i o n  
p a i r  i s  n o t  p r e c l u d e d .  However ,  i t  m ig h t  seem somewhat  c o i n c i d e n t a l  
t h a t  o l e f i n  f o r m a t i o n  p r e d o m i n a n t l y  f rom a n  i n t i m a t e  i o n  p a i r  f o r  t h e  c i s  
e s t e r  d e c o m p o s i t i o n  a n d  p r i m a r i l y  f rom a  s o l v e n t - s e p a r a t e d  i o n  p a i r  f o r  
t h e  t r a n s - e s t e r  p y r o l y s i s  would y i e l d  v i r t u a l l y  i d e n t i c a l  p r o d u c t
d i s t r i b u t i o n s .
18(Che . 0  e xc hange  p e r c e n t a g e s  an d  t h e  g e o m e t r i c a l  i s o m e r i z a t i o n  
v a l u e s  f o r  t h e  c i s - h y d r o g e n  p h t h a l a t e  p a r t i a l  p y r o l y s e s  i n  DMF ( T a b l e s  
V I I I  an d  IX) a r e  c o n s i s t e n t  w i t h  t h e  i n v o lv e m e n t  o f  r e v e r s i b l y  formed 
i n t i m a t e  a n d  s o l v e n t - s e p a r a t e d  i o n  p a i r s  d u r i n g  d e c o m p o s i t i o n .  However ,  
t h e  amount  o f  s o l v e n t - s e p a r a t e d  i o n  p a i r  r e t u r n  would  seem t o  be much 
l e s s  t h a n  t h a t  f o r  i n t e r n a l  r e t u r n  o f  a n  i n t i m a t e  i o n  p a i r  t o  t h e  e s t e r
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s i n c e  o n l y  3 . 5  p e r c e n t  o f  t h e  t r a n s - e s t e r  was found i n  t h e  u n p y r o l y z e d  
h y d r o g e n  p h t h a l a t e  f o r  t h e  70 p e r c e n t  d e c o m p o s i t i o n  e x p e r i m e n t .
Hence ,  t h e r m a l  d e c o m p o s i t i o n  o f  c i s - 1- p h e n y l - 2 - m e t h y l c y c l o h e x y l  
h y d r o g e n  p h t h a l a t e  i n  DMF p r i m a r i l y  v i a  p a t h  A would seem t o  be c o n s i s t e n t  
w i t h  t h e  e x p e r i m e n t a l  d a t a .  P y r o l y s i s  by r o u t e  B_ a l s o  may be i n v o l v e d ,  b u t  
t h e  e x t e n t  t o  which  t h i s  o c c u r s  i s  p r o b a b l y  s m a l l .
The rm a l  d e c o m p o s i t i o n  o f  t h e  t r a n s - h y d ro g e n  p h t h a l a t e  i n  DMF a l s o  
i s  f i r s t - o r d e r  an d  t h i s  a g a i n  i s  i n d i c a t i v e  o f  u n i m o l e c u l a r  p y r o l y s i s .
The e n t r o p y  o f  a c t i v a t i o n  ( - 1 1  eu)  a n d  t h e  B_-deuter ium i s o t o p e  e f f e c t  
(kH/kD = 1 .0 2 )  f o r  t h e  p y r o l y s i s  o f  t h i s  e s t e r  a r e  i n  a g r e e m e n t  w i t h  r a t e -
d e t e r m i n i n g  f o r m a t i o n  o f  a s o l v e n t - s e p a r a t e d  i o n  p a i r  and  w i t h  d e c o m p o s i t i o n  
p r o c e e d i n g  v i a  p a t h  A a n d / o r  £ .  The p a r t i c i p a t i o n  o f  p a t h  B. would  seem s m a l l  
s i n c e  i t  would  g i v e  r i s e  t o  a  p o s i t i v e  a c t i v a t i o n  e n t r o p y  and  t h e  i n v o lv e m e n t  
o f  r o u t e  ID appears  t o  be n e g a t e d  by t h e  B - d e u t e r i u m  i s o t o p e  e f f e c t .
The o b s e r v a t i o n  t h a t  t h e  t r a n s -h y d ro g e n  p h t h a l a t e  p y r o l y z e d  118 
t i m e s  f a s t e r  i n  s o l u t i o n  t h a n  t h e  c o r r e s p o n d i n g  m e t h y l  p h t h a l a t e  d i e s t e r  i s  
c o n s i s t e n t  w i t h  o r t h o - c a r b o x y l  p r o t o n  p a r t i c i p a t i o n  ( F i g u r e  9) i n  t h e  
r a t e - d e t e r m i n i n g  s t e p  o f  t h e  h y d r o g e n  p h t h a l a t e  d e c o m p o s i t i o n  a nd  i s  i n  
a g r e e m e n t  w i t h  a n  i o n i c  p y r o l y t i c  mechanism.
As d i s c u s s e d  p r e v i o u s l y ,  t h e  p r o d u c t  d i s t r i b u t i o n  d a t a  f o r  t h e  
t r a n s - e s t e r  s o l u t i o n  p y r o l y s i s  i n  c o n j u n c t i o n  w i t h  t h e  r e s u l t s  f rom t h e  
k i n e t i c  s t u d y  a r e  i n  a g r e e m e n t  w i t h  t h e  p o s t u l a t e  t h a t  o l e f i n  f o r m a t i o n  
may be o c c u r r i n g  from a s o l v e n t - s e p a r a t e d  i o n  p a i r  s i m i l a r  i n  c h a r a c t e r  
t o  t h a t  p r o p o s e d  f o r  t h e  d e c o m p o s i t i o n  o f  t h e  c i s - e s t e r .  I n  a d d i t i o n ,  
i t  a p p e a r s  t h a t  a c i s  ( e c l i p s i n g )  e f f e c t  p l a y s  a n  i m p o r t a n t  r o l e  i n  t h e  
f o r m a t i o n  o f  t h e  o l e f i n i c  p r o d u c t s .
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The 0 exchange  an d  s t e r e o c h e m i c a l  i s o m e r i z a t i o n  d a t a  f o r  t h e
18t r a n s - h y d ro g e n  p h t h a l a t e -  0 p a r t i a l  p y r o l y s e s  i n  DMF ( T a b l e s  V I I I  and
I X ) a p p e a r  t o  be c o n s i s t e n t  w i t h  t h e  p r o p o s e d  i n v o l v e m e n t  o f  r e v e r s i b l y
formed i n t i m a t e  an d  s o l v e n t - s e p a r a t e d  i o n  p a i r s  d u r i n g  d e c o m p o s i t i o n .
I n t e r n a l  r e t u r n  from a n  i n t i m a t e  i o n  p a i r  would  seem t o  be  t h e  m a jo r
c o n t r i b u t o r  t o  t h e  r e t u r n  p r o c e s s  f rom t h e s e  i o n i c  i n t e r m e d i a t e s .
R e t u r n  f rom a s o l v e n t - s e p a r a t e d  i o n  p a i r  a p p e a r s  t o  be l e s s  i m p o r t a n t
s i n c e  o n l y  1 3 . 2  p e r c e n t  o f  t h e  c i s - e s t e r  was d e t e c t e d  i n  t h e  u n p y r o l y z e d
h y d r o g e n  p h t h a l a t e  f o r  t h e  70 p e r c e n t  p y r o l y s i s  e x p e r i m e n t .  From a c l o s e
18e x a m i n a t i o n  o f  t h e  0  exchange  an d  k i n e t i c  d a t a  f o r  t h e  c i s - an d  t r a n s - 
h y d r o g e n  p h t h a l a t e  d e c o m p o s i t i o n s ,  i t  wou ld  seem t h a t  t h e  p r o p o s e d  
i n t i m a t e  i o n  p a i r  f o r  t h e  c i s - e s t e r  p y r o l y s i s  i s  l o o s e r  a n d / o r  more i o n i c  
t h a n  t h e  c o r r e s p o n d i n g  i n t e r m e d i a t e  f o r  t h e  t r a n s - e s t e r  d e c o m p o s i t i o n .
From t h e  p r e c e d i n g  d i s c u s s i o n ,  i t  a p p e a r s  t h a t  d e c o m p o s i t i o n  
° f  t r a n s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  i n  DMF e s s e n t i a l l y  
v i a  p a t h  A i s  c o n s i s t e n t  w i t h  t h e  e x p e r i m e n t a l  d a t a  an d  t h a t  any  p y r o l y s i s  
by r o u t e  C p r o b a b l y  would be s m a l l .
I n  c o n c l u s i o n ,  t h e  b e h a v i o u r  o f  t h e  c i s - an d  t r a n s - l - p h e n y l - 2 -  
m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  e s t e r s  d u r i n g  p y r o l y s i s  i n  DMF i s  
c o n s i s t e n t  w i t h  t h e  o p e r a t i o n  o f  a n  i o n i c  mechanism ( p a t h  A.) and  would 
a p p e a r  t o  be s i m i l a r  t o  t h a t  o b s e r v e d  f o r  t h e  1 , 2- d i m e t h y l c y c l o h e x y l  
s y s te m .  A l l  e x p e r i m e n t a l  d a t a  a r e  i n  a g r e e m e n t  w i t h  t h e  p o s t u l a t e d  
r e a c t i o n  scheme f o r  p y r o l y t i c  e l i m i n a t i o n s  ( F i g u r e  17 ) .
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CHAPTER I I I  
EXPERIMENTAL
A l l  i n f r a r e d  ( i r )  s p e c t r a  were  r e c o r d e d  on a Beckman IR 12 s p e c t r o ­
p h o t o m e t e r  e q u ip p e d  w i t h  p o t a s s i u m  b rom ide  c e l l s  and  a l l  s o l u t i o n s  were 
w e i g h t - w e i g h t  p e r c e n t  i n  t h e  s p e c i f i e d  s o l v e n t .  Only  t h e  s i g n i f i c a n t  
a b s o r p t i o n s  a r e  r e p o r t e d  (cm an d  t h e i r  i n t e n s i t i e s  a r e  e x p r e s s e d  a s  
weak (w, 100-75 p e r c e n t  t r a n s m i s s i o n ) ,  medium (m, 74 -40 p e r c e n t  t r a n s m i s s i o n )  
o r  s t r o n g  ( s ,  39-0 p e r c e n t  t r a n s m i s s i o n ) .  The n u c l e a r  m a g n e t i c  r e s o n a n c e  
(nmr)  s p e c t r a  were  m e a s u r e d  w i t h  a JEOL C-60 HL i n s t r u m e n t  and  a l l  s o l u t i o n s  
were  w e i g h t - v o l u m e  p e r c e n t  i n  t h e  s t i p u l a t e d  s o l v e n t .  The c h e m i c a l  s h i f t s  
a r e  r e p o r t e d  i n  t d o w n f i e l d  from i n t e r n a l  t e t r a m e t h y l s i l a n e .  The s p l i t t i n g  
p a t t e r n  o f  e a c h  r e s o n a n c e  i s  r e p o r t e d  u s i n g  t h e  f o l l o w i n g  c o d e :  s =  s i n g l e t ,
d = d o u b l e t ,  bd = b r o a d  d o u b l e t ,  t  =  t r i p l e t ,  m =  m u l t i p l e t  and  bm = b r o a d  
m u l t i p l e t .  The mass s p e c t r a l  a n a l y s e s  were  c o n d u c t e d  by Dr .  O.A. Mamer, 
D e p a r tm e n t  o f  C l i n i c a l  B i o c h e m i s t r y ,  Roya l  V i c t o r i a  H o s p i t a l ,  M o n t r e a l ,  
Quebec.  M i c r o a n a l y s e s  were  d e t e r m i n e d  by Midwest  M i c r o l a b ,  I n c . ,  I n d i a n ­
a p o l i s ,  I n d i a n a .  M e l t i n g  and  d e c o m p o s i t i o n  p o i n t s  were  d e t e r m i n e d  w i t h  a 
F i s h e r - J o h n s  m e l t i n g  a p p a r a t u s  and  a r e  u n c o r r e c t e d .  A l l  g a s  l i q u i d  
c h r o m a to g r a p h y  ( g l c )  was c o n d u c te d  on a H e w le t t  P a c k a r d  720 i n s t r u m e n t  
a n d  peak  a r e a s  were  d e t e r m i n e d  w i t h  a d i s c  i n t e g r a t o r .  P r e p a r a t i v e  g l c  
co lumns  were  a l l  o f  t h e  same d i m e n s io n s  (8  f t  x 0 .  5 i n . ) an d  were packed  
w i t h  10 p e r c e n t  Carbowax 20 M o r  10 p e r c e n t  IAC-728 ,  on D i a t o p o r t  W,
60-80  mesh ,  u s i n g  s t e e l  co lum ns .  The f o l l o w i n g  a n a l y t i c a l  co lumns  were 
u s e d :  10 f t  x  0 . 2 5  in .  c o p p e r  column pa c ked  w i t h  10 p e r c e n t  IAC-728 on
Chromosorb W A fid DMCS, 80-100 mesh an d  6 f t  x 0 . 2 5  i n .  c o p p e r  column
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packed  w i t h  10 p e r c e n t  Carbowax 20 M on Chromosorb  W NAW, 60 mesh o r  10 
p e r c e n t  s i l i c o n e  gum r u b b e r  SE-30 on D i a t o p o r t  W, 60-80  mesh.  A n a l y t i c a l  
t h i n  l a y e r  c h ro m a to g r a p h y  ( t i c )  was p e r f o r m e d  on 0.30-mm f l u o r e s c e n t  s i l i c a  
g e l  and  a lu m in a  p l a t e s  u s i n g  t h e  i n d i c a t e d  s o l v e n t s  a s  e l u e n t s .
l - P h e n y l - 2- m e t h y l c y c l o h e x e n e
An i s o m e r i c  m i x t u r e  o f  l - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l  ( 5 . 0  g ,  26 .3
mmole) was d e h y d r a t e d  w i t h  15 ml o f  a 1 6 .5  p e r c e n t  s u l f u r i c  a c i d - a c e t i c
22 23a c i d  s o l u t i o n  i v / v )  a c c o r d i n g  t o  t h e  method  o f  G a r b i s c h .  ’ The s o l u t i o n  
was s t i r r e d  f o r  1 .0  h r  a t  25° and  p o u r e d  i n t o  100 ml o f  1 :1  h e x a n e - w a t e r .
The o r g a n i c  l a y e r  was s e p a r a t e d ,  washed w i t h  5 p e r c e n t  sodium b i c a r b o n a t e  
u n t i l  b a s i c  and  w i t h  w a t e r  u n t i l  n e u t r a l , d r i e d  o v e r  a n h y d r o u s  magnesium 
s u l f a t e ,  c o n c e n t r a t e d  and  d i s t i l l e d  y i e l d i n g  o l e f i n  ( 3 . 2  g ,  7 2 .1  p e r c e n t )  
a s  a c o l o u r l e s s  l i q u i d  which  was shown by g l c  a n a l y s i s  (LAC-728,  130°)  
t o  be a  m i x t u r e  o f  i s o m e r s  ( 1 2 . 9  p e r c e n t  and  8 7 .1  p e r c e n t ) :  bp 56 -58°
( 0 . 1 5  mm); n ^  1 . 5 4 6 8 ;  i r  (CCl^ ,  5 p e r c e n t )  3020 (m) , 2930 ( s ) ,  2860 ( s ) ,
2830 ( s ) ,  1600 ( m ) , 1490 ( m ) , 1440 (m).  The o l e f i n i c  i s o m e r s  were 
s e p a r a t e d  by p r e p a r a t i v e  g l c  ( lA C -728 ,  140°)  and  t h e  m a j o r  component  
w i t h  t h e  s h o r t e r  r e t e n t i o n  t im e  was l - p h e n y l - 2- m e t h y l c y c l o h e x e n e  which  was
shown t o  be 100 p e r c e n t  p u r e  by g l c  a n a l y s i s  (LAC-728, 130°)  and  by nmr
25 23 25i n t e g r a t i o n :  n^ 1 .5470  ( l i t .  n^ 1 . 5 4 5 2 ) ;  i r  (CC1^,5 p e r c e n t )  3070
(m, C H ) , 2940 an d  2860 ( s ,  CH0 and  CH„), 1600 and  1495 (m, C ,H r ) ,6 0 3 2 6 5
1445 ( s ,  CH3 and  CH2 ) ; nmr (CC14 , 18 p e r c e n t )  2 .83  (m, 5 ,  C H ) , 7 . 5 0 -
8 . 4 0  (bm, 8 , ( C H ^ ) ,  8 . 4 7  ( s ,  3 ,  C l ^ ) .  The nmr d a t a  were  i n  good a g re e m e n t
23w i t h  t h o s e  r e p o r t e d  by G a r b i s c h  f o r  l - p h e n y l - 2 - m e t h y l c y c l o h e x e n e .
T h i s  o l e f i n  was u sed  t o  p r e p a r e  c i s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x a n o 1 by t h e
24method o f  Brown and  Z w e i f e l  i n v o l v i n g  h y d r o b o r a t i o n .
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The a l k e n e  formed i n  t h e  m in o r  amount w i t h  t h e  l o n g e r  r e t e n t i o n  t im e  
was l - p h e n y l - 6 - m e t h y l c y c l o h e x e n e .  T h i s  i somer,  was s e p a r a t e d  w i t h  9 3 . 2  p e r ­
c e n t  p u r i t y  and  t h e  o t h e r  component  ( 6 .8  p e r c e n t )  was 1 - p h e n y l - 2- m e t h y l -
o 25 23c y c l o h e x e n e  a s  shown by g l c  a n a l y s i s  (LA.C-728, 130 ) :  n^ 1 .5 5 2 8  ( l i t .
n^ 5 1 . 5 5 3 9 ) ;  i r  (CDClg, 7 p e r c e n t )  3030 (w, and  C=C-H),  2935 an d  2870
( s ,  CH3 , CH2 and  CH),  1600 and  1490 (m, C ^ ) ,  1445 (m, CH3 and  CH2 ) ; nmr
(CDC1 , 7 p e r c e n t )  2 .70  (m, Ct Hc ) ,  4 . 1 0  (m, C=C-H), 6 . 8 3 - 8 . 6 6  (bm, CH„ a nd  3 6 5 /
CH), 9 . 0 8  ( d ,  J_=7.0 Hz, CH3 ). ^ h e  nmr d a t a  c o i n c i d e d  w i t h  t h a t  found  by
23G a r b i s c h .
c i s - l - P h e n y l - 2 - m e t h y l c y c l o h e x a n o l  i k  H y d r o b o r a t i o n  o f  1 - P h e n y l - 2 - m e t h y l - 
c y c lo h e x e n e
The o l e f i n  (0 .8 0 0  g ,  4 . 6 4  mmole) and  a  s o l u t i o n  o f  sodium b o r o h y d r i d e  
( 0 .1 4 5  g ,  3 . 8 3  mmole) i n  10 ml o f  f r e s h l y  d i s t i l l e d  t e t r a h y d r o f u r a n  were 
p l a c e d  i n  a  w i d e -m o u th e d ,  50-ml f l a s k  f i t t e d  w i t h  a c o n s t a n t  a d d i t i o n  
f u n n e l ,  t h e rm o m e te r  and  c o n d e n s e r .  The r e a c t i o n  was c o n d u c te d  u n d e r  
n i t r o g e n  m a i n t a i n i n g  t h e  t e m p e r a t u r e  a t  20-30° w i t h  a n  i c e  b a t h  d u r i n g  
t h e  a d d i t i o n  o f  f r e s h l y  d i s t i l l e d  b o r o n  t r i f l u o r i d e  e t h e r a t e  ( 1 . 0 9  g ,
7 .6 5  mmole) .  The s o l u t i o n  was s t i r r e d  f o r  1 .0  h r  a t  25° f o l l o w e d  by t h e  
c a u t i o u s  a d d i t i o n  o f  2 ml o f  w a t e r .  When i n i t i a l  r e a c t i o n  c e a s e d ,  5 . 6  
ml o f  3 N sodium h y d r o x i d e  was a dde d  q u i c k l y  f o l l o w e d  by t h e  r a p i d  a d d i t i o n  
o f  5 . 6  ml o f  30 p e r c e n t  h y d r o g e n  p e r o x i d e .  The s o l u t i o n  was s t i r r e d  f o r
1 .0  h r  a t  2 5 ° ,  a f t e r  which  i t  was s a l t e d  o u t  w i t h  sodium c h l o r i d e  and  
extracted with 25 ml o£ ether. The ethereal layer was washed with five 
10-ml  p o r t i o n s  o f  i c e  c o l d  w a t e r ,  d r i e d  o v e r  a n h y d r o u s  sodium s u l f a t e  
a n d  c o n c e n t r a t e d .  The c r u d e  p r o d u c t  was a n a l y z e d  by g l c  (Carbowax 
20 M, 180°)  and  t h e  m a jo r  component  ( 6 6 . 9  p e r c e n t )  was p u r i f i e d  by 
p r e p a r a t i v e  g l c  (Carbowax 20 M, 200°)  and  by c r y s t a l l i z a t i o n  from h exane  
y i e l d i n g  c r y s t a l s  o f  l - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l  ( 0 . 2 9 6  g ,  3 3 . 4  p e r c e n t ) :
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mp 6 1 -6 3 °  ( l i t . ^ m p  5 9 - 6 1 ° ) ;  i r  (CCl^ ,  5 p e r c e n t )  3605 (m, f r e e  OH) ,
3480 (w, bonded OH), 3060 (w, C ^ ) ,  2940 and 2860 ( s ,  CH3 , CH2 and  CH),
1600 and  1495 (m, C ,Hc ) ,  1445 (m, CH„ an d  CH„) ; nmr ( (CD„)„  SO, 10 p e r c e n t )b o  3 I  3 z
2 .57  (m, 5 ,  C6H5 ) ,  5 . 2 7  ( s ,  1 ,  OH) , 7 . 5 0 - 8 . 9 0  (bm, 9 ,  ( C H ^ a n d  CH),
9 .4 0  ( d ,  3 ,  J  = 7 . 0  Hz, CH3 ).
1.- P h e n y l  - 2 - m e t h y l c y c l o h e x a n o l
A s o l u t i o n  o f  p h e n y l  magnesium b romide  was p r e p a r e d  from magnesium
t u r n i n g s  ( 7 . 3  g ,  0 . 3 0  m o l e ) ,  b romobenzene  ( 4 2 .0  g ,  0 . 2 7  m ole )  an d  200 ml
o f  a n h y d r o u s  e t h e r .  R e a c t i o n  o f  t h e  G r i g n a r d  r e a g e n t  w i t h  2 - m e t h y l c y c l o -
hexanone  ( 2 8 . 0  g ,  0 . 2 5  mole)  d i s s o l v e d  i n  100 ml o f  a n h y d r o u s  e t h e r  y i e l d e d
a f t e r  d i s t i l l a t i o n  a n  i s o m e r i c  m i x t u r e  o f  l - p h e n y l - 2- m e t h y l c y c l o h e x a n o l
o 2S( 3 1 . 1  g ,  6 5 .5  p e r c e n t )  a s  a c o l o u r l e s s  o i l :  bp 93 -96  ( 0 . 3 8  mm); n^ 1 .5363
( l i t . ^ b p  105 -106°  ( l  mm), n ^  1 . 5 3 5 9 ) ;  i r  (CCl^ ,  10 p e r c e n t )  3610 (m,
f r e e  OH), 3060 and  30 20 (m, C ^ ) , .  2930 an d  2850 ( s ,  CH3> CH2 a n d  CH) ,
1600 a n d  1490 (m, C^H^) , 1445 (m, CH3 a nd  CH2 )» A n a l y s i s  by g l c  (LA.C-728,
180°)  showed two w e l l  d e f i n e d  p e a ks  r e p r e s e n t i n g  t h e  i s o m e r i c  a l c o h o l s  i n
t h e  amounts  o f  92 .0  p e r c e n t  and  8 . 0  p e r c e n t ,  r e s p e c t i v e l y .
c i s -  and  t r a n s - l - P h e n y l - 2- m e t h y l c y c l o h e x a n o l
The i s o m e r s  o f  l - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l  were s e p a r a t e d  by t h e
p r e p a r a t i o n  o.f t h e  h y d r o g e n  p h t h a l a t e  e s t e r  o f  t h e  i s o m e r i c  m i x t u r e  o f
9a l c o h o l  a c c o r d i n g  t o  t h e  method o f  R u t h e r f o r d  e t  a l .  f o l l o w e d  by t h e  
s a p o n i f i c a t i o n  o f  t h e  i s o m e r i c  h y d ro g en  p h t h a l a t e  e s t e r  m i x t u r e  u s i n g  
d i l u t e  sod ium h y d r o x i d e  s o l u t i o n  a s  d e s c r i b e d  be low .
To a n  i s o m e r i c  m i x t u r e  o f  l - p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  
p h t h a l a t e  ( 3 0 . 0  g ,  8 8 .8  mmole) ,  0 . 1  N sodium h y d r o x i d e  ( 9 3 2 . 0  m l ,  9 3 .2
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mmole) was a d d e d .  The s o l u t i o n  was r e f l u x e d  f o r  4 . 0  h r  a nd  c o o l e d  t o  
25° f o l l o w e d  by t h e  a d d i t i o n  o f  100 ml o f  c h l o r o f o r m  t h r o u g h  t h e  c o n d e n s e r .  
The o r g a n i c  l a y e r  was s e p a r a t e d ,  d r i e d  o v e r  magnesium s u l f a t e  and  c o n c e n ­
t r a t e d .  The y e l l o w  o i l  ( 1 5 . 0  g) was d i s t i l l e d  y i e l d i n g  t h r e e  f r a c t i o n s  
( 1 3 . 2  g ) .  F r a c t i o n  one c o n s t i t u t e d  25 p e r c e n t  o f  t h e  d i s t i l l e d  p r o d u c t :  
bp 25-82°  ( 0 . 5  mm); i r  i n d i c a t e d  o l e f i n .  F r a c t i o n  two c o m p r i s e d  43 p e r c e n t  
o f  t h e  d i s t i l l e d  r e a c t i o n  p r o d u c t ;  bp 8 2 -93°  ( 0 . 4 5  mm); i r  i n d i c a t e d  
a l c o h o l .  The t h i r d  f r a c t i o n  c o n s t i t u t e d  32 p e r c e n t  o f  t h e  p r o d u c t  and  i t  
s o l i d i f i e d  p a r t i a l l y :  bp 73 -85°  ( 0 . 0 5  mm); i r  showed a l c o h o l .  F r a c t i o n s
two and  t h r e e  were combined an d  g l c  a n a l y s i s  ( IAC-728 ,  180°)  i n d i c a t e d  
t h a t  t h e  two a l c o h o l s  were  p r e s e n t  i n  t h e  amounts  o f  4 3 . 4  p e r c e n t  an d  5 6 .6  
p e r c e n t ,  r e s p e c t i v e l y .  P r e p a r a t i v e  g l c  (Carbowax 20 M, 200°)  was u s e d  
t o  s e p a r a t e  t h e  a l c o h o l s .  The a l c o h o l  i s o m e r  w i t h  t h e  s h o r t e r  r e t e n t i o n
t im e  ( 4 3 . 4  p e r c e n t )  was a l i q u i d :  n ^  1 .5 355  ( l i t . ^  f o r  t r a n s - 1 - p h e n y l -
252 - m e t h y l c y c l o h e x a n o l  n^ 1 . 5 3 3 4 ) ;  i r  (CS25 5 p e r c e n t )  3610 (m, f r e e  OH),
3065 and  3030 (m, C ^ ) ,  2935 and  2855 (s ' ,  CH3> CH2 and  CH) , 1600 and  1490
(m, C^H^),  1445 (m, CH^ and  CH^) » nmr ( ( C D ^ ^  SO, 18 p e r c e n t )  2 .67  (m,
5 ,  C6H5 ) ,  5 .5 0  ( s ,  1 ,  OH), 7 . 8 3 - 8 . 8 3  (bm, 9 ,  (CH2 ) 4 and  CH) , 9 .5 0  ( d ,  3 ,
J  =  5 . 5  Hz,  CH^). The i s o m e r  a l c o h o l  w i t h  t h e  l o n g e r  r e t e n t i o n  t im e
( 5 6 . 6  p e r c e n t )  was r e c r y s t a l l i z e d  from h exane  y i e l d i n g  a s o l i d :  mp 6 2 -64°
( l i t . ^  f o r  c i s -1 - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l  mp 5 9 - 6 1 ° ) ;  i r  (CS2 , 5
p e r c e n t )  3600 (m, f r e e  OH), 3470 (w, bonded  OH), 3065 (m, C,Hc ) ,  2945 ando 5
2865 ( s ,  CH , CH„ and  CH) , 1600 and  1570 (m, C H . ) ,  1450 (m, CHoJ CH
c> l. o j  3 2
and  CH); nmr ( ( C D ^  SO, 18 p e r c e n t )  2 .6 0  (m, 5 ,  C ^ ) ,  5 . 2 8  ( s ,  1 ,  OH), 
7 . 5 8 - 8 . 9 2  (bm, 9 ,  ( C H ^  and  CH) , 9 .4 3  ( d ,  3 ,  J  =  7 . 0  Hz, CH ) .  These
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a l c o h o l s  were  s i m i l a r  i n  t h e i r  p h y s i c a l  and  s p e c t r a l  p r o p e r t i e s  t o  t h o s e  
o b t a i n e d  from t h e  G r i g n a r d  r e a c t i o n  o f  p h e n y l  magnesium b rom ide  w i t h  
2 - m e t h y l c y c l o h e x a n o n e .  The s o l i d  a l c o h o l  compared f a v o u r a b l y  in a l l  r e s p e c t s  
w i t h  c i s - l - p h e n y l - 2- m e t h y l c y c l o h e x a n o l , wh ich  was o b t a i n e d  by t h e  h y d r o -  
b o r a t i o n  o f  l - p h e n y l - 2 - m e t h y l c y c l o h e x e n e .  Hence,  t h e  l i q u i d  a l c o h o l  i s  
c o n c lu d e d  t o  be t r a n s - 1 - p h e n y l - 2- m e t h y l c y c l o h e x a n o l  an d  t h e  s o l i d  i so m e r  
i s  de duc ed  t o  be c i s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l . A n a l y s i s  by g l c  
(LAC-728,  180°)  showed t h e  fo rm e r  a l c o h o l  t o  be 100 p e r c e n t  p u r e  and  t h e  
l a t t e r  t o  be 99+ p e r c e n t  p u r e .
j£ls.- a n d  t r a n s - l - P h e n y l - 2 - m e t h y l c y c l o h e x y l  M ethy l  P h t h a l a t e
D iazom ethane  was u s e d  t o  c o n v e r t  t h e  c i s -  and  t r a n s - 1 - p h e n y l - 2 -
m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  e s t e r s ,  p r e p a r e d  by t h e  method  o f
9
R u t h e r f o r d  e t  a l . , t o  t h e  c o r r e s p o n d i n g  m e t h y l  p h t h a l a t e  d i e s t e r s .
An e t h e r e a l - a l c o h o l i c  s o l u t i o n  o f  d i a z o m e t h a n e ,  g e n e r a t e d  from N-
26m e t h y l - N - n i t r o s o - p - t o l u e n e s u l f o n a m i d e , was added  d r o p w i s e  t o  c i s - 1 -
p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  ( l . O  g ,  2 .9 6  mmole) d i s s o l v e d
i n  50 ml o f  1 :1  c h l o r o f o r m - e t h e r  u n t i l  t h e r e  was a  p e r s i s t e n t  y e l l o w
c o l o u r  i n d i c a t i n g  e x c e s s  r e a g e n t .  The r e a c t i o n  s o l u t i o n  was a l l o w e d  t o
s t a n d  f o r  1 2 .0  h r  a t  2 5 ° ,  f i l t e r e d  and  c o n c e n t r a t e d  y i e l d i n g  c i s - l - p h e n y l -
2 - m e t h y l c y c l o h e x y l  m e th y l  p h t h a l a t e  ( l . O  g ,  9 6 .2  p e r c e n t )  a s  a v i s c o u s
o i l ,  which  was un icom ponen t  by t h e  t i c  a n a l y s i s  ( a l u m i n a ,  e t h e r ) :  i r
(CDC1_, 5 p e r c e n t )  3080 and  3045 (w, C,H._ and C,H. ) , 2950 and  2870 3 6 5 6 4
( s ,  CH„, CH0 and  CH), 1725 ( s ,  e s t e r  C =  0 ) ,  1600 and  1495 (m, C,Hc and  3 z b 5
C^H^) , 1450 ( s ,  CH^ and  CHp) , 1300 ( s ,  C - 0 ) ;  nmr (CDCl^,  13 p e r c e n t )
1 .8 3  -  2 .83  (bm, 9 ,  and  C ^ )  , 6 . 2 2  ( s ,  3 ,  C00CH3 ) ,  6 . 7 3  -  7 .2 3
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(bm, 1 ,  CH),  7 .3 3  -  8 . 8 3  (bm, 8 , ( C H ^ ) ,  9 . 3 6  ( d ,  3 ,  J  =  7 . 0  Hz, CH3 ).
A n a l . C a l c d  f o r  C ^ H ^ O ^ :  C, 7 4 . 9 8 ;  H, 6 . 8 6 . Found:  C,  74 .94}
H, 7 .1 2 .
I n  a  s i m i l a r  m anne r ,  t r a n s - 1 - p h e n y l - 2 - m e t h y l - c y c l o h e x y l  m e th y l
p h t h a l a t e  ( l . O  g ,  9 6 . 2  p e r c e n t )  was o b t a i n e d  a s  a s o l i d ,  w h ich  was pu re
by t i c  a n a l y s i s  ( a l u m i n a ,  e t h e r ) :  mp 73 -  7 6 ° ;  i r  (CDCl^,  5 p e r c e n t )
3070 an d  3040 (w, C,H_ an d  C , H . ) ,  2940 an d  2865 ( s ,  CH„, CH0 an d  CH),6 5 6 4 3 2
1725 ( s ,  e s t e r  C =  0)  , 1600 and  1495 (m, C^H^ and  C^H^) 1450 ( s ,  CH^ and
CH2 ) , 1295 ( s ,  C - 0 ) ;  nmr (CDCl^,  13 p e r c e n t )  1 . 6 6 - 2 . 8 3  (bm, 9 ,  C^H^ and  
C,H,  ) ,  6 . 1 0  ( s ,  3 ,  COOCHj,  6 . 6 0 - 7 . 0 7  (bm, 1,  CH) , 7 . 6 0 - 8 . 7 6  (bm, 8 ,
D 4  3
(CH2 ) 4), 9. 23 ( b d ,  3 ,  CH3 ). .
A n a l . C a l c d  f o r  C ^ H ^ O ^ :  C,  7 4 . 9 8 ;  H, 6 . 8 6 . Found:  C,  7 4 . 7 9 ;
H, 6 . 7 9 .
K i n e t i c  S tu d y  on t h e  P y r o l y s i s  o f  c i s -  and  t r a n s -  1 - P h e n y l - 2 - m e t h y l c y c l o ­
h e x y l  M eth y l  P h t h a l a t e  i n  N,N-D im ethyf form amide
The c i s - and  t r a n s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  m e t h y l  p h t h a l a t e  
p y r o l y s e s  were  c o n d u c te d  i n  N ,N -d im e th y l fo rm a m id e  (DMF) i n  o r d e r  t h a t  a 
c o m p a r i s o n  o f  t h e  r a t e  c o n s t a n t s  f o r  t h e s e  d i e s t e r  d e c o m p o s i t i o n s  c o u l d
be made w i t h  t h o s e  f o r  t h e  c o r r e s p o n d i n g  h y d r o g e n  p h t h a l a t e  e s t e r s .
27The r e a c t i o n  s o l v e n t  was d r i e d  i n  t h e  f o l l o w i n g  m anne r .  A 1 -1 .  
q u a n t i t y  o f  N ,N -d im e thy l fo rm a m ide  was s t i r r e d  w i t h  200 g o f  f r e s h l y  d r i e d  
( 5 0 0 ° ,  3 h r )  magnesium s u l f a t e  f o r  18 h r  a t  25°. The s o l v e n t  was d e c a n t e d  
from t h e  d r y i n g  a g e n t  and  was d i s t i l l e d  a t  r e d u c e d  p r e s s u r e  f rom 100 g o f  
d r i e d  magnesium s u l f a t e .  The second  f r a c t i o n  o f  d i s t i l l a t e  (bp 63° ( 3 . 5  cm)) 
was c o l l e c t e d  and u s e d  i n  t h e  k i n e t i c  r u n s .
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A 35-ml a l i q u o t  o f  DMF was p i p e t t e d  i n t o  a 100 -m l ,  t h r e e - n e c k e d ,  
r o u n d - b o t t o m e d  f l a s k  f i t t e d  w i t h  a m e c h a n i c a l  s t i r r e r ,  c o n d e n s e r  and  
septum  a d a p t e r  f o r  a hypoderm ic  s y r i n g e .  A ( 0 . 6 - 0 . 7 ) - g  sample  o f  t h e  
s o l i d  t r a n s - m e t h y l  p h t h a l a t e  d i e s t e r  was p r e s s e d  i n t o  a  p e l l e t .  The a p p a ­
r a t u s  was h e a t e d  i n  a Haake model  NBS h i g h  t e m p e r a t u r e  c i r c u l a t i n g  and  
t h e r m o s t a t e d  o i l  b a t h  h a v i n g  a n  R20 c o n t r o l l e r .  When t h e  d e s i r e d  t e m p e r a t u r e  
was r e a c h e d  an d  t h e  sy s te m  was e q u i l i b r a t e d ,  t h e  sep tum  a d a p t e r  was removed 
m o m e n t a r i l y  and  t h e  a c c u r a t e l y  we ighed  p e l l e t  was ad d e d  t o  t h e  s o l v e n t .
A f t e r  a  two m in u t e  w a i t i n g  p e r i o d  t o  a l l o w  c o m p l e te  d i s s o l u t i o n  o f  t h e  
p e l l e t ,  1 . 0 -ml a l i q u o t s  were removed a t  r e g u l a r  i n t e r v a l s  u s i n g  t h e  h y p o ­
derm ic  s y r i n g e  and  t h e s e  sam p les  were  p l a c e d  i n t o  25-ml c o n i c a l  f l a s k s  
each  c o n t a i n i n g  5 ml o f  i c e  c o l d  t e t r a h y d r o f u r a n  (THF). These  sam p les  
were  t i t r a t e d  w i t h  s t a n d a r d i z e d  ( 0 . 0 1 4 - 0 . 0 1 5 )N sodium h y d r o x i d e  s o l u t i o n  
a g a i n s t  p h e n o l p h t h a l e i n  i n d i c a t o r .  B la n k  c o r r e c t i o n s  were  made f o r  b o t h  
THF and DMF.
Fo r  t h e  c i s - m e th y l  p h t h a l a t e  d i e s t e r  k i n e t i c  e x p e r i m e n t ,  a n  a c c u r a t e l y  
we ighed  sample  o f  t h e  v i s c o u s  o i l  was d i s s o l v e d  i n  35 ml o f  DMF and  t h i s  
s o l u t i o n  was p l a c e d  i n  t h e  p y r o l y s i s  a p p a r a t u s ,  which was s e t  a t  t h e  
d e s i r e d  t e m p e r a t u r e .  A h a l f  h o u r  d e l a y  was i n c o r p o r a t e d  t o  a l l o w  t h e  
s o l u t i o n  t o  r e a c h  t e m p e r a t u r e  e q u i l i b r i u m  and  t h e n  t h e  same p r o c e d u r e  was 
f o l l o w e d  a s  i n , t h e  t r a n s - m e th y l  p h t h a l a t e  k i n e t i c  e x p e r i m e n t .  The s o l u t i o n  
p y r o l y s i s  o f  t h e  c i s - m e th y l  p h t h a l a t e  was p e r fo rm e d  on a  s m a l l  s c a l e  ( 0 .1  g 
e s t e r ,  5 ml DMF) and  i t  was shown by t i c  a n a l y s i s  ( a l u m i n a ,  e t h e r )  t h a t  
t h e  d e c o m p o s i t i o n  was v e r y  s low .  Hence ,  t h e  above  method o f  sample i n t r o ­
d u c t i o n  p r o b a b l y  r e s u l t e d  i n  o n l y  a s m a l l  amount o f  p y r o l y s i s .  T h i s ,
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c o u p l e d  w i t h  t h e  f a c t  t h a t  t h e  f i r s t  sample t a k e n  r e p r e s e n t e d  t h e  a l i q u o t  
a t  z e r o  t i m e ,  a p p e a r e d  t o  j u s t i f y  t h e  u s e  o f  t h i s  t e c h n i q u e .
The s o l u t i o n  p y r o l y s e s  r e q u i r e d  a c o r r e c t i o n  f a c t o r  f o r  t h e  s o l v e n t  
v o lum e ,  a s  i t  was m easu red  a t  room t e m p e r a t u r e ,  b u t  t h e  s a m p le s  were 
removed a t  t h e  d e c o m p o s i t i o n  t e m p e r a t u r e  t h e r e b y  a l t e r i n g  t h e  c o n c e n t r a ­
t i o n s  o f  r e a c t a n t  and  p r o d u c t s .  The s o l v e n t  e x p a n s i o n  was d e t e r m i n e d  f o r  
e a ch  p y r o l y s i s  by p l a c i n g  i n  t h e  o i l  b a t h  a s m a l l  g r a d u a t e d  g l a s s  t u b e  
c o n t a i n i n g  some DMF and  o b s e r v i n g  t h e  change  i n  volume on h e a t i n g .  T h i s  
was u s e d  t o  c a l c u l a t e  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  t h e  m e th y l  e s t e r .
The r a t e  c o n s t a n t  f o r  each  d i e s t e r  p y r o l y s i s  was d e t e r m i n e d  by 
u s i n g  t h e  f i r s t - o r d e r  r a t e  e q u a t i o n :
I n  Et =  - k t  + I n  EL o
w h e re :  E^ =  m e th y l  p h t h a l a t e  d i e s t e r  l e f t  a t
an y  t im e  t
Eq =  m e th y l  p h t h a l a t e  d i e s t e r  a t  t im e  o.
k =  r a t e  c o n s t a n t  ( s e c  ^ )
t  = t im e  ( s e c )
The raw e x p e r i m e n t a l  d a t a  ( sam ple  w e i g h t ,  expanded  s o l v e n t  vo lum e ,  
volume o f  b a s e  f o r  b l a n k  t i t r a t i o n ,  b a s e  n o r m a l i t y ,  number  o f  s a m p l e s ,  
a l i q u o t  s i z e ,  t i m e s  a t  which  sam p les  were t a k e n  and  e x p e r i m e n t a l  t i t r a t i o n  
volum es  f o r  t h e  s a m p le s )  were  punched on com pute r  c a r d s ,  which  t h e n  were 
p l a c e d  i n  t h e  programme d e s i g n e d  t o  c a l c u l a t e  t h e  r a t e  c o n s t a n t  f o r  each  
p y r o l y s i s .
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F o r  a p r i n t - o u t  o f  t h e  programme and  a  d e s c r i p t i o n  o f  t h e  c a l c u l a t i o n s
28i n v o l v e d ,  s e e  t h e  d i s s e r t a t i o n  o f  H.H. H o l t o n .
P r o d u c t  D i s t r i b u t i o n  S tu d y  on t h e  P y r o l y s i s  o f  c i s -  and  t r a n s - l - P h e n y l - 2 -
m e t h y l c y c l o h e x y l  Hydrogen P h t h a l a t e
The o l e f i n i c  p r o d u c t  r a t i o s  f o r  t h e  p y r o l y s i s  o f  c i s - a nd  t r a n s - 1 -
p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e  i n  DMF were  d e t e r m i n e d  by
17W a ss e n a a r  i n  t h e  f o l l o w i n g  m anne r .
The r e m a i n i n g  p y r o l y s i s  s o l u t i o n  from e a c h  k i n e t i c  e x p e r i m e n t ,
c o n t a i n i n g  u n r e a c t e d  e s t e r ,  d e c o m p o s i t i o n  p r o d u c t s  and  DMF, was e x t r a c t e d
w i t h  25 ml o f  p e t r o l e u m  e t h e r  (bp 3 0 - 6 0 ° ) .  The h y d r o c a r b o n  l a y e r  was
washed w i t h  25 ml o f  w a t e r ,  d r i e d  o v e r  a n h y d r o u s  magnesium s u l f a t e  and
c o n c e n t r a t e d .  A ( 2 - 3 ) - p . l  sample  o f  a 50 p e r c e n t  e t h e r e a l  s o l u t i o n  o f  t h e
o l e f i n i c  m i x t u r e  was i n j e c t e d  i n t o  t h e  g l c  ( lA C -728 ,  100°)  an d  t h e  p r o d u c t
d i s t r i b u t i o n  was d e t e r m i n e d  w i t h  t h e  a i d  o f  a d i s c  i n t e g r a t o r . .
A p r o d u c t  d i s t r i b u t i o n  s t u d y  on t h e  h i g h  t e m p e r a t u r e  p y r o l y s i s  o f  t h e
14c i s -  a nd  t r a n s -h y d ro g e n  p h t h a l a t e  e s t e r s  a l s o  was c a r r i e d  o u t  by W a sse n a a r  
and  t h e  p r o c e d u r e  i s  d e s c r i b e d  i n  h i s  d i s s e r t a t i o n .
The r e s u l t s  of  t h e  p r o d u c t  d i s t r i b u t i o n  s t u d y  o f  t h e  s o l u t i o n  and  
h i g h  t e m p e r a t u r e  h y d r o g e n  p h t h a l a t e  e s t e r  p y r o l y s e s  a r e  g i v e n  i n  T a b l e  V I I .
P r o d u c t  D i s t r i b u t i o n  S tu d y  on t h e  P y r o l y s i s  o f  c i s -  and  t r a n s - l - P h e n y l - 2 -  
m e t h y l c y c l o h e x y l  Methyl  P h t h a l a t e
F o r  t h e  p y r o l y s i s  o f  c i s - and  t r a n s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  
m e th y l  p h t h a l a t e  i n  DMF, t h e  r e m a i n i n g  s o l u t i o n  f rom e a ch  k i n e t i c  e x p e r i m e n t ,  
c o n t a i n i n g  u n r e a c t e d  d i e s t e r  and  t h e  p y r o l y s i s  p r o d u c t s ,  was s u b j e c t e d  t o  
t r a p  t o  t r a p  d i s t i l l a t i o n  a t  25° f o r  24 .0  h r  a t  r e d u c e d  p r e s s u r e  (10 |i)
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u s i n g  l i q u i d  n i t r o g e n  a s  a c o o l a n t .  The l a s t  t r a c e s  o f  o l e f i n  were  d i s ­
t i l l e d  by h e a t i n g  t h e  f l a s k  a t  35° f o r  5 . 0  h r .  The o le f in -D M F d i s t i l l a t e  
was added  t o  20 ml o f  w a t e r  a n d  t h e  r e s u l t i n g  s o l u t i o n  was e x t r a c t e d  w i t h  
two 25-ml p o r t i o n s  o f  h e x a n e .  The h exane  s o l u t i o n  was d r i e d  o v e r  a n h y d r o u s  
sodium s u l f a t e ,  f i l t e r e d  a nd  c o n c e n t r a t e d .  The o l e f i n  was a n a l y z e d  by 
g l c  u s i n g  a 10-p.l  sample o f  a 10 p e r c e n t  h e x a n e  s o l u t i o n  (Carbowax 20 M, 
1 3 0 ° ) .
Fo r  t h e  p y r o l y s i s  o f  t h e  c i s - and  t r a n s -methyl  p h t h a l a t e  d i e s t e r s  a t  
h i g h  t e m p e r a t u r e ,  a 10 - |al  sample  o f  a 10 p e r c e n t  hexane  s o l u t i o n  o f  each  
d i e s t e r  was i n j e c t e d  d i r e c t l y  i n t o  t h e  g l c  and  t h e  o l e f i n i c  p r o d u c t  d i s ­
t r i b u t i o n  was d e t e r m i n e d  f o r  t h e r m a l  d e c o m p o s i t i o n  i n  t h e  i n j e c t o r  p o r t  
(Carbowax 20 M, 130° ) .
The o l e f i n i c  p r o d u c t  d i s t r i b u t i o n s  o b t a i n e d  from t h i s  s t u d y  a r e  
g i v e n  i n  T a b l e  V I I .
S t a b i l i t y  of  l - P h e n v l - 2 - m e t h v l c y c l o h e x e n e  an d  l - P h e n y l - 6 - m e t h y l c y c l o h e x e n e  
u n d e r  t h e  C o n d i t i o n s  o f  P y r o l y s i s  i n  N ,N-D im ethy l fo rm am ide
The s t a b i l i t y  o f  a m i x t u r e  o f  l - p h e n y l - 2 - m e t h y l c y c l o h e x e n e  and  1-  
p h e n y l - 6 - m e t h y l c y c l o h e x e n e  u n d e r  t h e  c o n d i t i o n s  o f  t h e  c i s -  a nd  t r a n s -
l - p h e n y l - 2- m e t h y l c y c l o h e x y l  h y d ro g en  p h t h a l a t e  s o l u t i o n  p y r o l y s e s  an d  o f  
t h e  c o r r e s p o n d i n g  m e th y l  p h t h a l a t e  d e c o m p o s i t i o n s  was s t u d i e d  i n  two 
s e p a r a t e  e x p e r i m e n t s .
A s m a l l  a l i q u o t  o f  a known o l e f i n i c  m i x t u r e  was p l a c e d  i n  a DMF 
s o l u t i o n  c o n t a i n i n g  e i t h e r  p h t h a l i c  a c i d  o r  m e t h y l  h y d r o g e n  p h t h a l a t e .
The c o n c e n t r a t i o n s  o f  t h e  v a r i o u s  components  i n  e a c h  s o l u t i o n  a p p r o x ­
im a te d  t h o s e  e x i s t i n g  a t  t h e  end  o f  a k i n e t i c  d e t e r m i n a t i o n .  Each s o l u -
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t i o n  was h e a t e d  t o  a n  a v e r a g e  p y r o l y s i s  t e m p e r a t u r e  and  f o r  a n  a v e r a g e
14r e a c t i o n  t im e  a s  d e t e r m i n e d  from t h e  k i n e t i c  s t u d y .  Each  t e s t  s o l u t i o n  
was worked up i n  t h e  same manner  u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  o l e f i n i c  
p r o d u c t  d i s t r i b u t i o n s  an d  i t  was found t h a t  e a c h  o l e f i n  r a t i o  v a r i e d  by 
o n l y  1 - 2  p e r c e n t  t o w a rd s  t h e  S a y t z e f f  a l l c e n e ,  1 - p h e n y l - 2 - m e t h y l c y c l o h e x e n e .
L i k e w i s e ,  two t e s t  s o l u t i o n s  c o n t a i n i n g  a known o l e f i n i c  m i x t u r e ,
DMF and  t h e  p y r o l y s a t e  r e s i d u e  from e i t h e r  a h y d r o g e n  p h t h a l a t e  e s t e r  
p y r o l y s i s  o r  a  m e th y l  p h t h a l a t e  d i e s t e r  d e c o m p o s i t i o n  were  a l l o w e d  t o  
s t a n d  f o r  one month .  The p r o d u c t  d i s t r i b u t i o n  o f  t h e  o l e f i n i c  m i x t u r e  i n  
e a c h  s o l u t i o n  was d e t e r m i n e d  and  a  change  o f  2-3 p e r c e n t  t o w a rd s  Hofmann 
a l k e n e ,  1 - p h e n y l - 6 - m e t h y l c y c l o h e x e n e ,  was n o t e d .
Hence ,  i t  a p p e a r s  t h a t  t h e r e  i s  v e r y  l i t t l e  o l e f i n  i s o m e r i z a t i o n  
u n d e r  t h e  c o n d i t i o n s  o f  p y r o l y s i s .
■I Q
P h t h a l i c  A n h y d r i d e -  0
P h t h a l i c  a n h y d r i d e  (13-  7 g ,  9 2 .6  mmole) was added  t o  50 ml o f  f r e s h l y
18d i s t i l l e d ,  d r y  t e t r a h y d r o f u r a n .  To t h i s  s o l u t i o n ,  20 a tom p e r c e n t  0 
e n r i c h e d  w a t e r  ( 4 . 9  g ,  2 7 2 .2  mmole) was added  f o l l o w e d  by r e f l u x i n g  f o r
20 .0  h r  u n d e r  n i t r o g e n .  The s o l u t i o n  was c o o l e d  t o  25° an d  a n h y d r o u s  
h y d r o g e n  c h l o r i d e  was b u b b l e d  t h r o u g h  i t  f o r  0 . 5  min w i t h  s t i r r i n g .  The 
a c i d i c  s o l u t i o n  was r e f l u x e d  f o r  12 .0  h r  and  a f t e r  . c o o l i n g ,  d r y  h yd rogen  
c h l o r i d e  was p a s s e d  t h r o u g h  i t  f o r  5 . 0  min. The s o l u t i o n  was s t i r r e d  a t  
25° f o r  1 2 .0  h r  y i e l d i n g  a w h i t e  s o l i d  and  t h e  r e a c t i o n  m i x t u r e  was 
r e f l u x e d  f o r  a n o t h e r  1 2 .0  h r  f o l l o w e d  by c o o l i n g ,  d r y  h y d r o g e n  c h l o r i d e  
a d d i t i o n  f o r  1 .0  min and  s t i r r i n g  a t  25° f o r  1 .0  h r .  The m i x t u r e  was 
c o o l e d  t o  0°  and  250 ml o f  i c e  c o l d  p e n t a n e  were  a d d e d .  The w h i t e  s o l i d
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was c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  200 ml o f  h o t  c h l o r o f o r m  an d  d r i e d  
i n  vacuo y i e l d i n g  p h t h a l i c  a c i d  ( 1 3 . 7  g ,  8 9 .1  p e r c e n t ) .  The p h t h a l i c  
a c i d  was d e h y d r a t e d  u n d e r  r e d u c e d  p r e s s u r e  ( 1 2 . 5  cm) i n  a  s u b l i m a t o r  w i t h  
a n  o i l  b a t h  a s  a n  e x t e r n a l  h e a t  s o u r c e .  W ith  t h e  t e m p e r a t u r e  o f  t h e  o i l  
b a t h  a t  a p p r o x i m a t e l y  228° ,  n e e d l e s  o f  p h t h a l i c  a n h y d r i d e  formed ( 1 0 .8  g ,  
78 .8  p e r c e n t )  which  were  un icom ponen t  by t i c  a n a l y s i s  ( s i l i c a  g e l ,  c h l o r o -
OQ
f o r m ) :  mp 131 .5  -  1 3 3 .5 °  ( l i t .  mp 1 3 0 . 8 ° ) ;  i r  (CHCl^,  5 p e r c e n t )  3040
(m, CgH^) , 1855 and  1780 ( s ,  a n h y d r i d e  C=0) ,  1600 and  1470 (m, C^H^) ,
181255 ( s ,  C - 0 ) .  Hass  s p e c t r a l  a n a l y s i s  i n d i c a t e d  11 .030  a tom  p e r c e n t  0
i n  t h e  p h t h a l i c  a n h y d r i d e .  The e x p e r i m e n t a l  method and  c a l c u l a t i o n s
18i n v o l v e d  i n  t h e  d e t e r m i n a t i o n  o f  t h e  atom p e r c e n t  0 c a n  be found i n  t h e  
s e c t i o n  on t h e  mass s p e c t r a l  a n a l y s i s  o f  l - p h e n y l - 2- m e t h y l c y c l o h e x a n o l .
18c i s -  an d  t r a n s - l - P h e n y l - 2 - m e t h y l c y c l o h e x y l  Hydrogen P h t h a l a t e -  0
T h e s e  e s t e r s  were  p r e p a r e d  from c i s -  and  t r a n s - 1 - p h e n y l - 2 - m e t h y l -
18c y c l o h e x a n o l  and  p h t h a l i c  a n h y d r i d e -  0 a c c o r d i n g  t o  t h e  method o f  
9R u t h e r f o r d  e t  a l .
18The c i s - 1 - p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e -  0 e s t e r  
was formed w i t h  a  5 3 .0  p e r c e n t  y i e l d  an d  was un icom ponen t  by t i c  a n a l y s i s  
( s i l i c a  g e l ,  e t h e r ) :  mp 116-118°  dec ( l i t . ^ m p  124° d e c ) ;  i r  (CDCl^,
5 p e r c e n t )  3400-2400 ( s ,  COOH) , 1725 ( s ,  e s t e r  C = 0) ,  1705 ( s ,  a c i d  C = o) ,  
1600 a nd  1495 (m, and  C^H^) , 1295 ( s ,  C - 0 ) ;  nmr (CDCl^,  10 p e r c e n t )
- 1 . 2 0  ( s ,  1 ,  COOH), 1 . 9 3 - 3 . 1 3  (bm, 9,  C&H an d  C ^ )  , 6 . 5 3 - 7 . 3 0  (bm, 1,
CH),  7 . 3 7 - 8 . 9 3  (bm, 8 , ( C H ^ ) ,  9 .3 7  ( d ,  3 ,  J  =  7 .0  Hz, CH3 ).
18t r a n s _ - l - p h e n y l - 2- m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e -  0 e s t e r  
was s y n t h e s i z e d  w i t h  a  4 2 . 2  p e r c e n t  y i e l d  and  was p u r e  by t i c  a n a l y s i s
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( s i l i c a  g e l ,  e t h e r ) :  mp 141-142°  dec  ( l i t . ^ m p  142° d e c ) ;  i r  (CDCl^,  5
p e r c e n t )  3480-2400  ( s ,  COOH), 1725 ( s ,  e s t e r  C=0) , 1710 ( s ,  a c i d  C=0) ,
1600 and  1495 (m, C-H.  and  C H . ) ,  1295 ( s ,  C - 0 ) ;  nmr (CDC1_, 11 p e r c e n t )d 5 6 4 j
- 1 . 2 0  ( s ,  1 ,  COOH), 1 .8 7  - 3 . 0 0  (bm, 9 ,  CgH and  C ^ )  , 6 . 6 0 - 7 . 1 3  ( b m , l ,
CH), 7 . 6 0  - 9 .0 0  (bm, 8 , ( C H ^ ) ,  9 . 2 7  ( b d ,  3 ,  CH3 ).
P a r t i a l  P y r o l y s i s  o f  c i s -  an d  t r a n s - l - P h e n y l - 2 - m e t h y l c y c l o h e x y l  Hydrogen 
18P h t h a l a t e -  0 i n  N ,N-D im ethy l fo rm am ide
I n  f o u r  s e p a r a t e  e x p e r i m e n t s ,  t h e  c i s -  and  t r a n s - 1 - p h e n y l - 2 - m e t h y l -
18c y c l o h e x y l  h y d ro g en  p h t h a l a t e -  0 e s t e r s  were  decomposed t o  t h e  e x t e n t  
o f  20 p e r c e n t  and  70 p e r c e n t  u s i n g  t h e  f o l l o w i n g  p r o c e d u r e .
A ( 0 . 5 - 0 . 7 ) - g  sample  o f  e s t e r  was p r e s s e d  i n t o  a  p e l l e t .  A f t e r  
w e i g h i n g ,  i t  was added  t o  35 ml o f  f r e s h l y  d i s t i l l e d  DMF i n  a  t h r e e ­
n e c k e d ,  100 - m l ,  r o u n d - b o t to m e d  f l a s k  f i t t e d  w i t h  a c o n d e n s e r ,  m e c h a n i c a l  
s t i r r e r  an d  g l a s s  s t o p p e r ,  a l l  o f  which  had  b e e n  e q u i l i b r a t e d  a t  t h e  
d e s i r e d  t e m p e r a t u r e  u s i n g  a Haake model  NBS h i g h  t e m p e r a t u r e  c i r c u l a t i n g  
a n d  t h e r m o s t a t e d  o i l  b a t h  h a v i n g  a n  R20 c o n t r o l l e r .  The r e a c t i o n  s o l u t i o n  
was s t i r r e d  f o r  a  p r e s c r i b e d  t im e  p e r i o d ,  a s  d e t e r m i n e d  from t h e  p y r o l y s i s  
r a t e  c o n s t a n t ,  t o  a l l o w  t h e  d e s i r e d  amount  o f  d e c o m p o s i t i o n .  The e s t e r  
p y r o l y s i s  was t e r m i n a t e d  by p o u r i n g  t h e  r e a c t i o n  s o l u t i o n  i n t o  a n  i c e  
c o l d  f l a s k .  The d e c o m p o s i t i o n  t em pera tu re s  and  r e a c t i o n  t i m e s  a r e  g i v e n  
i n  T a b l e  IX.
R e d u c t i o n  o f  t h e  Undecomposed l - P h e n y l - 2 - m e t h y l c y c l o h e x y l  Hydrogen  P h t h a l a t e -  
180 f rom e a c h  P a r t i a l  P y r o l y s i s
The DMF s o l u t i o n  from e a c h  d e c o m p o s i t i o n  was s u b j e c t e d  t o  t r a p  t o  
t r a p  d i s t i l l a t i o n  a t  r e d u c e d  p r e s s u r e  (10 |i) f o r  24 .0  h r  u s i n g  l i q u i d
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n i t r o g e n  a s  a c o o l a n t .  To t h e  u n d i s t i l l e d  r e s i d u e  25 ml o f  e t h e r  was 
a d d e d .  The r e s u l t i n g  c l o u d y  s o l u t i o n  was f i l t e r e d  t o  remove p h t h a l i c  
a c i d  and  t h e  e t h e r e a l  f i l t r a t e  c o n t a i n i n g  undecomposed h y d r o g e n  p h t h a l a t e  
e s t e r  was p l a c e d  i n  a t h r e e - n e c k e d ,  1 0 0 - m l ,  r o u n d - b o t to m e d  f l a s k  which  
was e q u ip p e d  w i t h  a c o n d e n s e r  a nd  two g l a s s  s t o p p e r s .  L i th i u m  aluminum 
h y d r i d e  was ad d e d  t o  t h e  s o l u t i o n ,  which  was u n d e r  a n i t r o g e n  a t m o s p h e r e ,  
u n t i l  v i g o r o u s  r e a c t i o n  c e a s e d  and  t h e  r e a c t i o n  m i x t u r e  became g r a y  i n  
c o l o u r .  The r e d u c t i o n  m i x t u r e  was s t i r r e d  f o r  1 . 0  h r  a t  25° an d  t h e n  was 
r e f l u x e d  f o r  1 .0  h r .  E x c e s s  l i t h i u m  aluminum h y d r i d e  was d e s t r o y e d  by 
t h e  c a u t i o u s ,  d r o p w i s e  a d d i t i o n  o f  e t h y l  a c e t a t e  and  t h e  l i t h i u m  and  a l u m ­
inum com plexes  were decomposed by t h e  a d d i t i o n  o f  n ml o f  w a t e r  (n=w e ig h t  
o f  r e d u c i n g  a g e n t  u s e d ) ,  n ml o f  15 p e r c e n t  sodium h y d r o x i d e  s o l u t i o n ,  
an d  3 n ml o f  w a t e r .  A w h i t e  c r y s t a l l i n e  s o l i d  formed which was c o l l e c t e d  
b y  f i l t r a t i o n  and  washed w i t h  two 10-ml p o r t i o n s  o f  e t h e r .  The e t h e r e a l  
f i l t r a t e  an d  w a s h in g s  were  combined ,  washed  w i t h  t h r e e  20 -ml p o r t i o n s  o f  
s a t u r a t e d  a q u e o u s  sodium c h l o r i d e  s o l u t i o n ,  d r i e d  o v e r  a n h y d r o u s  sodium 
s u l f a t e  a n d  c o n c e n t r a t e d .  The o r g a n i c  r e s i d u e  was t r e a t e d  w i t h  25 ml o f  
h e x a n e .  The h y d r o c a r b o n  s o l u t i o n  was s e p a r a t e d  from t h e  i n s o l u b l e ,  
y e l l o w ,  v i s c o u s  o i l  ( 00, 0)' - d i h y d r o x y - o - x y l e n e ) , c o n c e n t r a t e d  and  a n a l y z e d  
by g l c  ( lAG-728,  180 ° ;  Carbowax 20 M, 180 ° ;  SE -30 ,  130°)  f rom which  t h e  
r e l a t i v e  amounts  o f  c i s - a nd  t r a r i s - 1 - p h e n y l - 2- m e t h y l - e y e l o h e x a n o  1 were 
d e t e r m i n e d .  The g l c  d a t a  f o r  a l l  p a r t i a l  p y r o l y s e s  a r e  g i v e n  i n  T a b l e  
V I I I .
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Mass S p e c t r o m e t r i c  A n a l y s i s  o f  l - P h e n y l - 2 - m e t h y J . c y c l o h e x a n o l  and  t h e
18C a l c u l a t i o n  o f  t h e  P e r c e n t  0 Exchange  i n  t h e  Undecomposed l - P h e n y l - 2 -
18m e t h y l c y c l o h e x y l  Hydrogen P h t h a l a t e -  0 f rom e a ch  P a r t i a l  P y r o l y s i s  
A sam ple  o f  t h e  r e d u c t i o n  p r o d u c t  f rom e a ch  p a r t i a l  p y r o l y s i s ,  
c o n t a i n i n g  c i s - and  / o r  t r a n s - l - p h e n y l - 2- m e t h y l c y c l o h e x a n o l ,  was  s e n t  w i t h  
a g l c  chrom a togram  (S E -3 0 ,  130°)  f o r  mass  s p e c t r a l  a n a l y s i s .
An LKB 9000 c o m b i n a t i o n  gas  c h ro m a to g r a p h -m a s s  s p e c t r o m e t e r ,  
e q u i p p e d  w i t h  a 6 f t  x 0 . 2 5  i n .  g l a s s  column packed  w i t h  3 p e r c e n t  SE-30 
on Chromosorb  W HP, was u s e d .  The f o l l o w i n g  c o n d i t i o n s  were  m a i n t a i n e d  
f o r  a l l  l - p h e n y l - 2- m e t h y l c y c l o h e x a n o l  a n a l y s e s :  i n j e c t o r  t e m p e r a t u r e ,
280°;  s e p a r a t o r  t e m p e r a t u r e ,  280° ;  i o n  s o u r c e  t e m p e r a t u r e ,  290° ;  i o n i z i n g  
e n e r g y ,  20 o r  70 eV a t  60 pA; h e l i u m  f lo w  r a t e ,  20 c c / m i n ;  co lumn temp­
e r a t u r e ,  140° + 4 ° / m i n ;  sample  s i z e ,  1 p i  o f  2 p e r c e n t  c h l o r o f o r m  s o l u t i o n .
The f o l l o w i n g  c o n d i t i o n s  were  u s e d  f o r  p h t h a l i c  a n h y d r i d e  a n a l y s i s :  
i n j e c t o r  t e m p e r a t u r e ,  250° ;  s e p a r a t o r  t e m p e r a t u r e ,  280° ;  i o n  s o u r c e  t em p­
e r a t u r e ,  290 ° ;  i o n i z i n g  e n e r g y , 70 eV a t  60 pA; h e l i u m  f lo w  r a t e ,  35 c c / m i n ;  
column t e m p e r a t u r e ,  100° + 4 ° / m i n  an d  145° ;  sample  s i z e ,  1 p i  o f  2 p e r c e n t  
c h l o r o f o r m  s o l u t i o n .
The h e i g h t s  o f  t h e  M(m/e 190) an d  M + 2(m/e 192) peaks  were  m ea su red  
by r u l e r  an d  a r e l a t i v e  u n c e r t a i n t y  f o r  each  d e t e r m i n a t i o n  was a s s i g n e d .  
T h e s e  l i m i t s  were  i n c o r p o r a t e d  i n t o  t h e  c a l c u l a t i o n  o f  (M +  2/M) p e r c e n t  
t o  g i v e  maximum and  minimum v a l u e s  a s  d e m o n s t r a t e d  i n  t h e  f o l l o w i n g  example 
(20  p e r c e n t  p y r o l y s i s  o f  t r a n s - l - p h e n y l - 2- m e t h y l c y c l o h e x y l  h y d r o g e n  
p h t h a l a t e - ^ 0 ) .
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M =  3 1 .3  + 0 . 2 mm ( low s e n s i t i v i t y  s c a l e )
M +  1 =  4. 6 + 0 . 3  mm, 4 5 .8  +  0 . 4  mm ( low  and  m i d d l e  s e n s i t i v i t y
s c a l e s  r e s p e c t i v e l y )*
M + 2 =  6 . 2  + 0 . 3  mm ( m id d le  s e n s i t i v i t y  s c a l e )
,M+2a *  . . 4 . 9  „ „
— ) %! maximum v a l u e  =  ~—r  x 6 .5M ' 4 5 . 4
31~T------ X 100 =  2556
4. 3minimum v a l u e  =  / 7~ r  x  5 . 9
—- x 100 = 1 .7 43231. 5
a v e r a g e  v a l u e  =  1 .9 9 9 4  + 0 . 2 5 6 2
F o r  two mass s p e c t r a l  a n a l y s e s  o f  a s a m p le ,  t h e  a v e r a g e  o f  t h e  two 
(M+2/Fl) p e r c e n t  v a l u e s  was u s e d  and  f o r  t h r e e  d e t e r m i n a t i o n s ,  t h e  mean 
v a l u e  o f  (M+2/M) p e r c e n t  was u s e d .  The e r r o r  l i m i t s  o f  t h e  (M+2/ll) 
p e r c e n t  v a l u e s  f o r  t h e s e  l a t t e r  c a s e s  w e r e ■s e t  e q u a l  t o  t h e  s q u a r e  r o o t  
o f  t h e  sum o f  t h e  s q u a r e s  o f  t h e  d e v i a t i o n s  f o r  t h e  i n d i v i d u a l  d e t e r ­
m i n a t i o n s .
U s in g  t h e  f o l l o w i n g  e q u a t i o n ,  t h e  (M+2/M) p e r c e n t  v a l u e s  c o r r e s p o n d i n g  
18t o  g i v e n  a tom  p e r c e n t  0 v a l u e s  were  d e t e r m i n e d :
*
The M + l ( m / e  191) m ea su rem e n ts  were  u s e d  t o  p u t  t h e  M and  M + 2 
v a l u e s  on th e  same s e n s i t i v i t y  s c a l e .
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M+2 _  Z 180__________  W(W-1) •,  C_ s2 x(X-l)  ( H \ 2
M 10()_170 _180 + 2 h o O - C 1 +  2 100-H
17
Z ( Z - l )  , 0 s 2 , C , , H_ , ,
2 100 17o 18o io o -c ' l 100 -H
WZ(l°o -c , ( io o -” o - 18o ) + X Z ll0° - H,<io o -1° o -18o )
w h e r e :  C l ^ o  =  C ^ H ^ O ;  W = 13;  X =  18;  Z =  1;  170 =  0 . 0 3 9  p e r c e n t ;
18C =  1 .0 6 9  p e r c e n t ;  H =  0 . 0 1 6  p e r c e n t ;  0 =  0 - 5 0  p e r c e n t .
T h i s  e q u a t i o n  was s o l v e d  by  c om pu te r  f o r  d i f f e r e n t  v a l u e s  o f  a tom
IB 18p e r c e n t  0 and  a g r a p h  o f  (M+2/M) p e r c e n t  v e r s u s  a to m  p e r c e n t  0 was
18o b t a i n e d .  From t h i s  p l o t ,  t h e  a tom p e r c e n t  0 and  i t s  u n c e r t a i n t y  l i m i t s
were  d e t e r m i n e d  f o r  each  (M+2/M) p e r c e n t  v a l u e .  Hence ,  a n  (Mi2/M) p e r c e n t
18o f  1 . 9 9 9 4  + 0 . 2 5 6 2  c o r r e s p o n d s  t o  a n  a tom  p e r c e n t  0  o f  1 .0 3 5  +  0 . 2 5 0 .
T h i s  m a t h e m a t i c a l  e q u a t i o n  was a l s o  u s e d  f o r  t h e  mass s p e c t r a l .
18a n a l y s i s  o f  p h t h a l i c  a n h y d r i d e -  0  and  a  g r a p h i c a l  r e p r e s e n t a t i o n  o f  t h e
M+2/M r e s u l t s ,  d e r i v e d  from t h e  c om pute r  s u b s t i t u t i o n  o f  d i f f e r e n t  v a l u e s  
18of  a to m  p e r c e n t  0 ( 0 - 1 9  p e r c e n t )  f o r  CgH^O^ i n  t h e  e q u a t i o n ,  was o b t a i n e d .
I n t e r p o l a t i o n  o f  t h e  m ea s u red  M+2/M p e r c e n t  v a l u e  (37 .5800)  on t h e  g rap h
18 18 gave  a n  a to m  p e r c e n t  0 o f  11 .030  f o r  p h t h a l i c  a n h y d r i d e -  0 .
18The p e r c e n t  0 exchange  v a l u e s  f o r  t h e  e s t e r  p y r o l y s e s  were  c a l c u ­
l a t e d  f o r  b o t h  tw o-oxygen  and f o u r - o x y g e n  e q u i l i b r a t i o n  modes i n  t h e
f o l l o w i n g  manner .
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18F o r  c i s -  and  t r a n s - l - p h e n y l - 2 - m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a ' t e -  0
18b e f o r e  p y r o l y s i s ,  t h e  a to m  p e r c e n t  0  f o r  each  o f  t h e  e s t e r  c a r b o n y l
a n d  c a r b o x y l  oxygen a tom s  was 11 .030  and  t h a t  o f  t h e  e s t e r  a l k y l  oxygen
a to m  was s e t  e q u a l  t o  x .  On t h e  b a s i s  o f  t h e  two-oxygen  e xc hange  p r o c e s s
be tw e en  t h e  a l k y l  an d  c a r b o n y l  oxygen a tom s  o f  t h e  e s t e r  g r o u p ,  t h e  maximum
18o b t a i n a b l e  a to m  p e r c e n t  0 i n  t h e  f o rm e r  oxygen a to m  f o r  c o m p l e t e  e q u i l i ­
b r a t i o n  was —■■■• + -x . However ,  t h e r e  was a n  a b u n d a n ce  o f  x  a tom
18p e r c e n t  0 i n  t h i s  a l k y l  oxygen a tom b e f o r e  p y r o l y s i s .  Hence ,  t h e  maximum
, . 18„ „ , , 1 1 .0 3 0 - xo b t a i n a b l e  e x c e s s  a tom  p e r c e n t  0 f o r  c o m p le te  exchange  was --------------  •
L i k e w i s e ,  t h i s  a bunda nce  v a l u e  (x a tom  p e r c e n t  ^ 0 )  was d e d u c t e d  from t h e
18e x p e r i m e n t a l l y  d e t e r m i n e d  atom p e r c e n t  0 f o r  t h e  oxygen a to m  o f  1 - p h e n y l -
2- m e t h y l c y c l o h e x a n o l , which  r e p r e s e n t e d  t h e  a l k y l  oxygen a to m  o f  t h e
18u n p y r o l y z e d  e s t e r .  The d i v i s i o n  o f  t h e  a c t u a l  e x c e s s  a to m  p e r c e n t  0
f o r  e a ch  sample  by t h e  t h e o r e t i c a l  v a l u e  f o r  c o m p le te  e q u i l i b r a t i o n  and
18t h e  m u l t i p l i c a t i o n  o f  t h e  q u o t i e n t  by 100 gave  t h e  p e r c e n t  0 exchange
be tw e en  t h e  oxygen a tom s  o f  t h e  e s t e r  l i n k a g e  i n  t h e  u n p y r o l y z e d  h y d ro g en
p h t h a l a t e  f o r  each  t h e r m a l  d e c o m p o s i t i o n .  F o r  t h e  example  b e i n g  u s e d ,
18t h e  a b u n d a n ce  o f  0 i n  t h e  a l k y l  oxygen  a to m  b e f o r e  p y r o l y s i s  was 0 . 220 .
. 18„ 0 . 8 1 5 + 0 . 2 5 0
H ence ,  t h e  p e r c e n t  0 exchange  was --------- 5^ 0 5-------  x = •‘• ^ . l  +  4> 6 p e r ­
c e n t .
F o r  t h e  f o u r - o x y g e n  e q u i l i b r a t i o n  p r o c e s s  i n v o l v i n g  a l l  oxygen
a tom s  o f  t h e  h y d r o g e n  p h t h a l a t e  e s t e r ,  t h e  maximum o b t a i n a b l e  a to m  p e r c e n t
^®0 f o r  t h e  a l k y l  oxygen  a tom due t o  c o m p l e t e  exchange  was + x  ,
18By t a k i n g  i n t o  a c c o u n t  t h e  0 ab u n d a n ce  o f  t h i s  a l k y l  oxygen  a to m  b e f o r e
18p y r o l y s i s ,  t h e  maximum o b t a i n a b l e  e x c e s s  a to m  p e r c e n t  0 f o r  c o m p le te
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3 3 .0 9 0 - 3 xexchange  was -------   — . By u s i n g  t h i s  t h e o r e t i c a l  e x c e s s  a to m  p e r c e n t
18 180 v a l u e ,  t h e  a c t u a l  e x c e s s  a tom p e r c e n t  0 f o r  e a ch  sample  o f  1 - p h e n y l -
2- m e t h y l c y c l o h e x a n o l  and  t h e  same m a t h e m a t i c a l  a p p r o a c h  u t i l i z e d  f o r  t h e
18c a s e  o f  t h e  tw o-oxygen  e q u i l i b r a t i o n  p r o c e s s ,  t h e  p e r c e n t  0  exchange  
be tw een  a l l  oxygen a to m s  i n  t h e  undecomposed e s t e r  was c a l c u l a t e d  f o r
e a ch  p y r o l y s i s .  F o r  20 p e r c e n t  p y r o l y s i s  o f  t r a n s - 1 - p h e n y l - 2 - m e t h y l c y c l o -
, , , . . .  18„ 18„ 0 . 8 1 5  ±  0 . 2 5 0h e x y l  h y d r o g e n  p h t h a l a t e -  0 , t h e  p e r c e n t  0 exchange  was --------- 8~T08-----
x 100 =  1 0 .0  +  3 .1  p e r c e n t .
I n  T a b l e  IX ,  t h e  (M+2/tf p e r c e n t ,  a tom p e r c e n t  ^ 0  and  p e r c e n t  ^ 0  
exchange  v a l u e s  a l o n g  w i t h  t h e i r  e r r o r  l i m i t s  a r e  r e p o r t e d  f o r  t h e  d i f f e r e n t  
e s t e r  p y r o l y s i s  e x p e r i m e n t s .
R e d u c t i o n  o f  c i s -  and  t r a n s - l - P h e n y l - 2 - m e t h y l c y c l o h e x y l  Hydrogen P h t h a l a t e -  
180 and  Gas C h r o m a to g r a p h ic  and  Hass  S p e c t r o m e t r i c  A n a l y s e s  o f  c i s -  and  
t r a n s - 1 - P h e n y l - 2 - m e t h y l c y c l o h e x a n o l
18I n  o r d e r  t o  d e t e r m i n e  i f  an y  g e o m e t r i c a l  i s o m e r i z a t i o n  a n d / o r  0 
exchange  o c c u r r e d  d u r i n g  t h e  l i t h i u m  aluminum h y d r i d e  r e d u c t i o n  o f  t h e  
undecomposed e s t e r  f rom e a c h  p a r t i a l  p y r o l y s i s  e x p e r i m e n t  an d  i n  t h e  i s o l a ­
t i o n  o f  t h e  c o r r e s p o n d i n g  1 - p h e n y l - 2- m e t h y l c y c l o h e x a n o l , t h e  c i s -  and  t r a n s -
18l - p h e n y l - 2- m e t h y l c y c l o h e x y l  h y d r o g e n  p h t h a l a t e -  0 e s t e r s  were  r e d u c e d  and  
t h e  p r o d u c t s  were i s o l a t e d  a s  p r e v i o u s l y  d e s c r i b e d .  The l - p h e n y l - 2 -  
m e t h y l c y c l o h e x a n o l  f rom ea ch  h y d r o g e n  p h t h a l a t e  r e d u c t i o n  was a n a l y z e d  
by g l c  ( T a b l e  V I I I ) . Samples  of  l - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l  and  w,cd’ - 
d i h y d r o x y - o - x y l e n e  from each  e s t e r  r e d u c t i o n  were  s e n t  f o r  mass  s p e c t r a l  
a n a l y s i s .
The o n l y  a l t e r a t i o n s  i n  t h e  mass s p e c t r o m e t e r  c o n d i t i o n s  were t h e  
f o l l o w i n g :
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f o r  l - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l - - c o l u m n  t e m p e r a t u r e ,  180°.
f o r  (0,0)' - d i h y d r o x y - o - x y l e n e - - c o l u m n  t e m p e r a t u r e ,  120° ;  i o n i z i n g  e n e r g y ,
15eV a t  60 pA; f l a s h  p y r o l y s i s  u n i t  t e m p e r a t u r e ,  280° ( f o r  t h e  c o n v e r s i o n
o f  WjO)1 - d i h y d r o x y - o - x y l e n e  t o  1 , 3 - d i h y d r o i s o b e n z o f u r a n ) .
18The a tom  p e r c e n t  0 v a l u e s  o f  t h e  (0,(0T - d i h y d r o x y - o - x y l e n e  sam ples
18from t h e  c i s -  an d  t r a n s - h y d ro g e n  p h t h a l a t e -  0 r e d u c t i o n s  showed no
18s i g n i f i c a n t  d e v i a t i o n s  from t h e  a to m  p e r c e n t  0 o f  t h e  p h t h a l i c  anhyd r ide
18u s e d  t o  s y n t h e s i z e  t h e s e  l a b e l l e d  e s t e r s .  The atom p e r c e n t  0 v a l u e s  
f o r  t h e  l - p h e n y l - 2 - m e t h y l c y c l o h e x a n o l  s a m p le s  a r e  g i v e n  i n  T a b l e  IX.
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